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Shy military-developed curriculum materials in this course 
package: were:.selected by the National Center for Research in 


" Vocational Education Military Curriculum: Project for aissem- 


ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of 
disseminating thiese courses wes to make curxiculum materials . 


- Geveloped by ‘the military more accessible t6 vocational 


educators in the civilian setting. 
The course materials were acquired, evaluated by project 


‘gtaff and practitioners. in the field, and prepared for 


dissémination.. Materials which were specific to the mlitary 
were deleted, copyrighted materials were e-either omitted or appro- 
val for their use was obtained. ‘These; course packages: contain 
curriculum resource materials ‘which can be adapted to support 


---—-yogational instruction..and curriculum development. 
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The National: Center for ‘Research ‘In-: 


Vocational ‘Education’s mission ‘is to. increase. 


the. ability of diverse agencies, instititions, 

* and organizations to solve. educational-prob- 
lems relating to individual career: planning, 
preparation, and :progression. The National: 
‘Centeér fulfills its.mission by: 
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° Generating knowledge ahrough research 


e Developing educational programs and 
products 7 - 


° Evaluating individual program-needs: 
and outcomes ° 


e Installing educational programs and 

. products 

. °©“Operating.information systems and 
services 


e Conducting leadership. development and. 
‘training programs 
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* an. activity. to ‘increase the accessibility of 
- military-developed curriculum -materials to 
‘ -yocationaland technical.educators. .- 
-This:project,,funded by the U.S. Office of 
Education, includes the identification cand 
acquisition of- curticylum- materials in print 
form from the. Coast ‘Guard, Air ‘Force, 
Amy, Marine Corps: and: eye 
Access te military saritcaluis materials is 
provided. through a "Joint Memorandum of 
’ Understanding” between-theU:S. Office of 
Education and. the-Department of-Defense. 
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What Materials 


_Are Available? | 


One huridred twenty courses on microfiche ~ 
(thirteen. in paper form) and descriptions of 
each have been provided to the vocational 
* Curriculum: Coordination Centers and other 
instructional materials: agencies ‘for, dissemi- 
nation. ° 

Gourse materials include ‘programmed 
‘instruction, curriculum outlines, instructor 
guides, student workbooks afd -technical 
manuals. 


The 120 ‘courses-reprzsent the following 
sixteen’ vocational. subject- areas: 
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Materials Be Obtained? 
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Rebecca S. Douglass ‘William Daniels 
Director _  Ditector 
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Springfield, IL 62777 = Airdustrial Park: 


——€ontact the Curriculum Coordination Center te 
x agli your region for’ information: on ‘obtaining 
materials (e, G-. availability and, cost). They . 
will Tespond to your request.directly’or refer , 
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for dissemination. ; 
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be - — Astignment 4. = —_—_ Satellite Communications; Wave 2 8 o od 
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This course wes designed to provide the student with background information on electronic communications. It discusses ‘the fundementals of communica — 
‘2. | ‘tlons, communication medium and equipment, and maintenence and safety. The text. is used as an introduction to many. courses and includes information 


[ 7 on afiligary procedures end equipment ax well x basic inforrnetion, . ee ‘ in 
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’ The course consist of eleven assignments with objectives; readings, and review exercises. Five.df thow ceal with military. procedures avd equipment ‘almost. 
‘Salen shy ware deen. The remeinirig six assignments are described below. — 7 ; 
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Assignment? = Comiriunications Basics describes verious types and operations of electrical, visual, and sound. communicstion; explains 
: the characteristics of the tadiaphone,- facsimile, radiotelegraph; and teletypewriter; describes frequency bands; identifies 
applications of frequency spectrum fos long distance communication; covers the capebilities, functions, snd opéeretions of 
i switched networks; and. identifies the characteristics, of tranemiasion 'systerns, end carriers. This assignment describes the. 
* process of modulation and =e the eperetional Cnereceetiatees and uses of single sideband, microwave end scatter 


tranemissions. . . ‘ ; ; 
. 7 a eg , : F to 


Assignment 4 Satellite ‘Communications; Wave Propagation and Antennas describes sisienintesitan satellite systems and identifies specific y 
a satetlite tnd earth terminal characteristics; expleins the role of satellite communications end identifies advantages and limita : 
tione, Cheracteristics of electromagnetic waves and fectors effecting wave propagation are also covered. 


Weve Propagation ae eee leontinued);. Communication Tranewicters and Receivers: Facilities Control Operations 
provides additional ¢ characteristics of electromagnetic waves and. factors effecting wave propagation; identities the principt: $s 
and characteristics: of communications trensmitting and receiving ‘equipment: describes the purpose of communications. 
systems; determines the ‘various stages of signe! flow of e secure soremankayon system, end describes features common 

10 all switchboard operations; | 


; 
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Facilities Gontrol | Operations teontinued) identifies. the uses, functicns, end. characteristics of key converters and converter: 
comperator groups; describes the methods of diversity operation; covers: thé purpose, operating principles and components, ye 
of.e muitiplex system; and determines-the purpose of and the basic instellation: requirements for. distribution frames and ’ 
‘patching facilities. The functions pf the different types of patch cords af e patch pariel end characteristics of-the patch . fois 
$ ees, 


‘ panel are enue: Digital sigeials,, oc teletypewriter circuits, end distortion ere discussed. . at Ww 
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“Assignment 6 


. . 


Neiwienenes and Safety.expleins various types and levels of equipment maintenance; déscribes meintenance tasks, cleaning ° es 
procedures, and care of electronics equipment end air: filzers; descrices care and preventive maintenance reales for 


ia teletypewriters, typewriters, tiesdphones, and microphones; ‘and discusses satay preceusions: ‘, oe ; ‘ : 
s 4 » 38 F 


= y é ne 
Assignment ii — ‘Maintenance and Safety. (continued! covers safety precautions and pepelives to follow, when working on electrical 
‘ equipment, the causes and ‘effects of electric shock, the hazards presented by. electronic equipment operating at ile 
ee frequencies, and the safety precautions to, follow i in handling cathode ray tubes and cleaning electronic een 


Assignment 10. 
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i ch ancignynent is orouiized eround learning objectives, readings, end exercises. No answers are provided for ssi are The course is designed . , 
a for ‘student ee i besic and some sdvanced ¢ communication principles. ra : te aaa 
: “s ‘ ; : . a * a ‘ . 7? 
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‘le completing this course, the student will demonstrate his 
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while 
enierac aes of course materials by correctly answering. items on the 
following subjects scope and responsibilities of the Communications 
Technician 0 rating; individual and command security pvinciples; 
emergency’ destruction procedures and devices used by Naval Security 
Group | ctivities; the mission, policy, ‘and various organizations 

of an Communicatioris;, variations of the ionosphere and how they 


affect radio frequencies; different antenna configurations and how : 


_ they are used; the, functions. of communication transmitters, receivers, 


and. terminal equipments; the operation of a secure teletype communi- 
2, . j 


cations system; the basic message format and the rules of preparation 
for JAUTODIN and DSSCS; communication dividion administration including 
typ 8 and accowntability .of publications; and: first aid. 
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adapting. this material for inclusion in the "Trial Implementation of a 
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Model Sten to Provide Miittary “curriculum Materials for Use in Vocational — 


and- Technical Education." ‘Délet ad material tivolves extensive use of 
e F ; ’ 
military forms, procedures, svatinds etc. and was not considered appropriate , 
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‘for use in vocationdl and technical education. . 
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a . Léarnting- Objective: Recognize the 
é types “and. operation. of’ electrical, 
.» wisual, and sound communication used: 
in the mes oe at “ 
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3-5. 


3-6. 


31. 


3-8. 
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In- ext to ensure ; smaxdimum contyibittion 
‘to the mission si “the. command, the commun i= 
cator should ¢ 


at quality ssa apetialist ‘in -elestronics. oP 2 
2. possess an iindersvahding: of: ‘the communi Nie _ 7 
ae cation facilities’.he- ‘ises.  -: “gs be 
3. be familiar with’ ‘the: Linitetions. and 
-capabilities of ‘beleoted * comiund = 7 Bes 
- cation systens a a ‘ ; 
hk, | thoroughly understand: Gcuminicatica . a > a 8 
‘theory of; specific types -of: equipment . : 
What are the 3 types, of tellebommnteations “ sd 
used in ‘the. Reavy?’ rae : a 
1. Electrical, signals, sound Be 7 4 
"2.¢ Visual, ‘sound, signs: : - wes “oa 
3.’ “Electrical, visual,,sound. 8 S ae 
- ky Electrical, ‘vigtia, ‘images oO 8 . 
What “is/are. the -means*of ‘Sommunteating . ‘ . 
electrically?’ - : : st 
1. Radio .- gk 3 , a i 
2. . Wire- ‘ o. @ ‘ 
3. Avphysical ath Bepvees, sender- and hes . 
‘receiver ‘- : . . wg : 
k, Both: (1) and (2) o 4 RA 
si . : “ soa 
Which: statencn’ | below is true coiseraing st eS 
radio? — ‘i ‘ : . 
-12 ‘Radio uses *electromagretic:. waves : P 
tarried by: electrical egnductofs J 7 mon 
’ 2,, Radio uses. electromagnetic -vaves ‘not Lae 
. guided: by a physical’ path betveen oS 
: sender and receiver’ ~ . ‘ ay 
3. Radio’ is the Navy's Teast important : se 
means of communications _ : 
4,. The means of. commmicating : Qectrizeliy ’ axe 
: are exclusively y: Fade - : ca) 
What -is ‘the main stvantage, ‘of patiotetesre- : e 
phy? ase 
1. .The- relatively. bigh apeéd of trans- 
mission < . 2 4 : : x 
2. The requirement for. not as- mesiy” ae 
ae experienced operators 
3. Reliability . ye : 
-4, Mone of: the above. . ; : a 
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Because. ‘of its. Virecthiésn,. coavenience 


#10. 

a and ease of operation, .-_' is. one 
ot” the. most. useful military. cofmunication 
methods. . 

}.* radiotelephone . 
72. rad{otelegraph- 5 a 

: 3. teletypewriter: a 

, 4. <acsimile > 
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For ikene 31 through re select ‘trom: ‘column 
B the electrical telecommunications’ system 
described 1i- colymin’ A. aie a 
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- Le _Descristion 
3-11. A-reliable panvill” l. a sliakelepiite 
‘communicating system a 
ad . ° 2. Facsimile 
12. ‘Used-mainly for- high. ° 
oy eeea automatic. ‘com= .3. Radiotelegraph 
P ‘unications a . r 
, Teletypewriter 
3: Valuable ‘for. short 


- 


- range ‘tactical —_- r. 

-cations -. * yO 
3-1h.- Process sused to 
of transmit - -photo=, 

graphs -and. charts - ar. 


: 
€ 2 - a ee 
= a re oe 


Visual commurii cat's nsxare “ng 
Nad 
‘secure: than ‘radio,< ae 
36. Which visual communication. system is the- 
_principal means. of transinitting brief 
tactical spokes Waiadasl ships: in com= ~ 
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3-15. galty more 


ee, 


_ pany? 
wl. Radiotelephone'. : pe 
2. Flashing ‘Light | ‘ we 
. Be Flaghoist ° ~ ! 
> 4, Seiiaphbre: ; ‘ ex 


Which ofthe following methods of visual 


3e1T. 
: communication is the. most secure?. 


1. Flashing Light ‘ 
2. Dindctional fleshing light | 
3. Non @lrectional -lights - e 


4. Directional snezaret 


3-18. What ta the best visual ‘igual substitute 
-,  _. for handling administrative traffic vhen 
. radio silence is imposed? 


; a. Directional. fiashing light - - 
‘ oes Flaghoist - 
3. Non-directional lights 
3 4, Semaphore”. og 
ee i erat’ ; 
: 1 ' 
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3-19. 


3-20. 


3-23. 
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Wich sound communication an is not 
used by ships fer ‘transmission of emer- 
gency warning signals? | 


° 


1.. Sirens 

2. Acoustics . ' 

3. : Whistles: fe 

4. Bells : - 
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Sea jtalk is used for which of the follow- 
ing purposes? 


1. Radiotelephone 

2. CW . 

3; Both (1) and (2)- abave 

hk. Sonar only 

Use of pyrotechnics is normally limited 
--to- CWcommunications. \ 


What is the principle regulating body: . 
for radio communications vorlavide? 


1. I ‘ im 

2. FCC 

°3. Office-of Emergency Planning. 

h. COMNAVTELECOMM | : 
. a 


Learning Opgective:. Recognize, the 

frequency’ bands: and identify ‘the 

application of° the frequency spéc- 

trum: for long distance communication B a 
oa es nts - i 


———w a 


Whith of the iene: statements is true 
concernipg U.S.- frequency management?! / 
1. ‘The president has delegated authority _ 


= for assignment of radio frequencies 


_ used by non-government agencies to the 
Rirector of Pelgdcmmuntcetions " 
“Management: 

The FCC is responsible to Congress ‘for 
regulating. frequency lise by U.S. 
Government activities 

The assignment of all ‘frequencies used 
by any component of ‘the: Navy is the . 


: responsibility of CNO a. 


The FCC ‘is ‘responsible for regulating 
frequencies used by- the Federal , 
Government. agencies ' | co 


A frequency of 75, 000 KHz could bel 


expressed as \ 
l. 7,500 Miz : \ 
2. 750 Miz a 
3... 75 Miz t \ 
4, 7 GHz : He 
: ‘* 
* 
: : 
} 
7 : * 
: Z “8 
of 


i 


: #25. Primary reliance and application of. the 3-32. What is the primary factor which Sarsits 
. , VLF range: may be expected for ° reliable :point to point service of’ HF 
4g Te 1. -broadcast of standard tine and communications? : \ * 
* . frequency signals * ; 1.° Large, high gain antennas aimed at - 
‘ : 2. operation: of synchronous crypto * opposite terminals. of each- Link . 
. - dévices . 2, *Path length and direction are variable 
Pa 3. operation of single sideband trans-— 3. Omnidirectional antennas 
> aissions | . . 44. Several frequencies | are usually . 
4. communications: to-e Taree: ‘number of - 7 * assigned \ 
“satellites ee 
‘ 3-33. Application of chip-té-Shore Scmmantens 
3-26. . The. distribution of standard. frequency tions in the ‘AF. band vedies: shipboard 


3-29. 


and ‘time signals is. essential for which © 
of the. following? 


1. "Tracking. space vehicles . 


2. World-wide clock. synchronisation 
3. ‘Radio: ‘nayigational aids - 
-_ ‘Each of the above situations. 


The- difference in frequency between 13 
megacycles and -12,,000 - -kilocycles ‘is 
‘1. .1,00Q:. cycles, 

: 2. 100 “kLlocycles a. 
3. 10-megacycles aaa ce! 
4. 1 megacyeles. ome - 
What frequency band includes. the Tater-, 
national Distress: frequency? 
1. HF 
2. MF 

35" OF . 
4, VLF - me 
Which frequency band ‘relies principally 


on ground ‘aves. and is’ used for moderately 
long distance over’ water in ‘its lower -por- 
tion and comercial proaeadtine in its _ 
middle pertiont 


-antennes to be- & 
i. omnidirectional as possible 
2. rotatable high gain type ; 


= 


3. rhombic : 


4k, large, efficient HF sntennas 


_ 3-34. Whiich- type of service within the HF’ band 


3-35. 


* normally always provides frequency 


diversity transmissions so that the 
terminal can choose the best: ‘frequency for 
the pach at the zime? 
1. Point-to~point 


.? 


- 2. Ship-to~shore 


35" Ground-to-air 
4, Fleet broadcast 


Which frequency pand(s). under normal con- 
ditions ‘have line of sight characteristics? 
i. MF. and’ below 
2. HF and: UHF ° 
‘3, UF and: SHF - only ¢ 
4. -ERF baad 


2 ft 


Fy 


= 4 
2 er r i : 
eee oe : creer : : 


.-Learning Objective: _ Determine the 


“ 1. oF , . Pe differerice between Strategic and 
: 2. ULF ay a Tactical Communications: and identify 
‘ 3. MF z * ‘the modes-of Spereriea: 
“he oF ‘ mS aes , 
3-30. Which frequency. band would cease “o-exist 3-36. ‘Uge of which type of communication is 
df the ionized layers above the earth. -usualiy limited to-a specific area of 
disappeared? operation and ‘is “used to ‘direct or ’ 
1. MF a 9 : ‘ report: the: ‘movement of specific forces? 
2. oF Bete Fg ° 1. Strategic ‘communications: 
Si 3. VHF - 7 .- 2. Tactical communications « 
ee nee Ses 4, UBF, ‘ 4 ! 3. -Duplex communications 
. k, Simplex.. opmmuntoations: 
- 3-31. What technique iubeaneed the capscity: of ~ ; 
: - the Navy's assigned portion of the. HF =, 3-37. AUTOVON, AUTODIN- daa DESCS could‘be con- . - 
‘ spectrum? =~ ‘ sidered: av "strategic ‘communications . 
ee 1. Use of single-sideband equipment « . systens. 
sae a < Application of independent sideband 
a ¢ 3, ‘Satellite communications. . 3-38. A path between two or ‘more. Salutes capable 
_¢ ‘ Me Both (1) and-(2) above:* “ * of providing»channels for the: transmission 
: + - ss i . ‘ of intelligence is identified as a 
: ae .? 1. comsunication channel _ . 
: ans 0 7 | . 2. tectical net _ a . 
é ‘ 3; mode of operation ‘ 
: : 4; bracdcast..net ’ 


a 


3-39. When .& terminal must wait to receive an 3h, What capability is provided to- subscribers : 
7 in~progress: message before it can. trans- > of normal AUTOVON-service? : 
ymit, the: ‘technical arrdngement aia be. - 1, The ability to- commun d ate with other . “ y 
termed : : ? : subséribers ‘on a worl Avide basis 
\ 1. -Simplex 2. . The ability to ‘preempt ‘high precedence "8 
.: * 2. -Semi=duplex eo? traffic 7 : , 
- 3. Half-duplex’, oo . 3. Immediate connection with predesignated 
4, Full Duplex. . p distant installations e 
; 4, Conference capability on a random 
3ho, The primary: means of, transmitting ‘messages *- basis % 
: to the fleet from shore. stations ‘is -by the ' aera ’ 
1. point-to-peint method 3a45.. “By which mechod may local ‘command: voice 
2. receipt ‘method - a , communication systems: be connected to ‘ 
or Be. Antercept method ; hana : AUTOVON?- . X 
4. ‘broadcast method: * é 1. Manually, operated svitthboards 
: 2.. Automatic dialing exchanges 
zh, How - do fleet units Getermine if they have 3. ‘Local private branch exchanges 
received all of the nesseges transmitted . 4, Each-of the above : * : 
‘on. specific fleet broadcast? Sat ; 4 : 
1. By cHecking - -sequential serial numbers 3-46. What isthe purpose of Automatic Secure J 
. fo. /enapre . none ‘1s pissing . - Voice, Communications? 
2. By: requesting verification of the >’ 1. To reduce message delivery time and . 
@ ‘number of: messages sent - _ delay C5 . ; 
3- By keeping two receivers on the line 2.’ To-eliminate the. need of switchboard | , 4 
“at alltimes operators oo 
‘ih. By visiting “NAVCOMMSTAS- when in port 3. To provide a telephne- network for Gn. tig 
; = the. exchange of classified information 
_ 3-42. One-off the-chief advantages. of broadcast ag over officially designated approved 
: transmission over intercept is: its: . circuitry 
1. assurance; that ‘messages have been: ‘4, To provide a radio network for the 
recéived 7 exchange of classified information 
-2. ability to verify messages end ‘to over officially designated frequencies 
< ‘make: corrections * ) 
3. power to reach ships. as- well ‘as shore 3-47. An important function <of the ASC in the, 
installations -AUTODIN. system is to 
4, capecity to handle heavy ‘traffic moré i. provide direct dialing | service 
, rapidly ; . ° 2. prevent outside signal interference 
3. detect and correct message errors 
‘ais. Which . of the féllowing statements is true ‘kh. convert analog signals for transmission. 
, concerning broadcast operation?’ a: 
"2. All ships copy - only certain’ messages 3-48.- The AUTODIN system is revolutionizing 
on the: broadcast schedule which they . Communications because it has resulted : 
are guarding in a-decrease in the es “ee 
- 2, This method. allows the fleet to pre= 1. number of messages. being sent ae 
serve radio silence* 2. length of messages ‘ * fi 
3. Lower precedence “messages may not be 3. number of skilled technicians required : 
interrupted-to transmit a hessage of 4, manual handling of messages 
. higher precedence ‘ 
h, Broadcast-reception is possible by 3-49. The primary reason -DSSCS_ came anne exis- 
choice of two frequencies tence was to $ 
; 1, form-a single automated network for : es 
: oe SI communications . 
- , ; ° ; . 2. provide two separate systems, within . : 
~ , Learning Objective: Recognize the ~  AUTODIN 
capabilities, functions, operations a 3. ensure: strict physical sapareeion of 
ot the. switched -networks. . ° all DSSCS and AUTODIN traffic ~ , 
4,, integrate the CRITICOMM-and AUTODIN. ~ . yl 


g- 


into a single. automated network 


3-51. 


3-52. 


_ environment 


278 woot 


Considering the AUTODIN/DSSCS' high speed 


» which statement ‘below is. 
correct cohcerning-movenent -of traffic? 


le ALL input. subscribers send: messages 


vat 400 WEM to an- ASC é 


‘2. Prior to forwarding a. message, the =“ 


ASC must receive each message in ‘its 
entirety 
3. ‘The output of -a given message is 
‘ simultaneous. with its input 
kh.“ Because a station is connected to an 
ASC, does not: necessarily mean it will 
benefit from the high-speed environ- 
ment F 
Which communication network exists in. 
support of -only designated Navy require- 
ments? — 
1. HICOM ee 
2. AUTODIN. ~ 
3. AUTOSEUECOM 


“-h.  AUTOVON' ° 


Commands afloat can 1 communicate via voice 
with commands - ashore: using: the ‘ship/shore 
Fadioteléphone service know as. 


2. AUTODIN . -. ‘ 
2. AUTOVON : 
3. ‘NORATS: 


DSSCS e 


-S-- ieee eee 


Learning Objective: Identify trans- 
mission systems, and the character- 


istics of a ‘carrier. 4 ' 


A suvsystem whose information ‘carrying 
bandwidth is limited to 4°voice channels 
or fewer would be, classified asa 

1. microwave system 

2. narrowband: ‘systen 

3. .FPTS- system 

h, wideband systen 


Figure 3A.--Diagram of a radio wave. 


- i. 


3-54. A complete cycle of a wave is represented 
* in figure 3A by the distance 
1. AC 
2. AD 
Re fo 7 
3-55. The frequency of a wave is the number of 
. Hertz that occur in one 
1. period 
2.. cycle 
3. phase ~ 
4, second 
3-56: The maximum value of a radio waves ‘energy 
- measurement -is. 4. measurement of the waves! 
1. frequency 
2. instantaneous amplitude 
3. peak amplitude 
4. amplitude 
3-57.’ The. (A. frequency/wavelengths) and ie 


(B. period/phase) of a-carrier wave can. be ; 


varied to produce an intelligence carry> 
ing. signal. 

A. frequency; B.- . period 

2. As frequency; B: phase 

3. ‘A. wavelengths; B. -period 

4. A wavelengths; B. phase 


emrennn 


Learning objective: “Deacrive the 
‘process of modulation and identify 
the operational characteristics and 
uses of Bingis-sideband), Crowave: 
and scatter t¥ansmission. / v . 


+ + : ; 
3-58; On which-of the following emission mes 


. “does the intelligence carrying signe] 
‘vary the carrier frequency? 


1 . Cw eo 
2. A-M _ Pa 
3. F-M 
“kh, Pam” a : 
3-59. The space on a frequency spectrum that is 
occupied’ by a carrier and its associated 
oa sidebands -is called a/an ‘ 
1. upper: sideband ‘ 
2. chennel . r 
3. bandwidth * 
4. circuit 
3-60. What is the carrier frequency of an 


amplitude modulated signal which ‘has its 
-upper sideband on 15,000 KHz and is being 
tiodulated by a 2090 Hertz note? : 
1..°14,998 KHz - : , 
23, 13,000 KHz 

3." 14 996. KHz- - 

4k. 17, ,000° KHz ‘ 


. 


3-61. 


; Which. procedure 
<spettrum,’ saves 


In the system of single-sideband sup- 
pressed carrier, at what point is the 
carrier: suppressed? ° 
1. At -the transmitter before: modulation 
is. accomplished. . : 
2. After it reaches the ~power amplifier 
stage of the transaitter ° ; 
3. .At the receiver before the. demodula- 
; tion procéss - 
4. At the transmitter after tiodulation- 3-68. 
is accomplished ; ; 
Which type of omission provides for using . 
less power and a analler frequency band- 
width? 
1. “SSB 
2. LSB 3-69. 
3. AM ‘ 
4. PM: 
Which of the following statements toncén- 
ing SSB is correct? bs 
y. ISB transmission is used to.make up 
for the lack of essential channels 
that can be provided by SSB 
2. .SSB is used.on all long-haul teletype 
_ edrcuits so ; 
3. Voice over-wire. circuits “between 
NAVCOMSTAs always use SSB. 
4, ISB suppresses the carrier and filter © + 


SSB only the-carrier 3-70. 


‘ 


out a sideband, in 
is. suppressed 


conserves tha frequency is 
J manpower, and prevents - 
overloading ship-shore circuits?’ 

1. Frequency division multiplex 

2. Task group ne utilizing one ‘ship as 


7 . 


‘a guardship’ from which traffic can be 


relayed ashore . ~ “e ; 
3. Elec nic crypto devices on. circuits 


3-71. 


dminating manual encryption. , 


What is the most common. type of communicas . 


tion link presently in’ use?: , 5 

1. WwW His ‘ 3 

2. AM e ° 
3. PM : 

4, SSB 


. 


A-single sideband televype circuit wifich 
has an-electronic crypto device that 
automatically encrypts prior to trans- 
mission and- deerypts after transmission 
is referred teas. 

1. a broadcast circuit 

2. a.point-to-point circuit ; 
3. a covered circuit 
&, an open. circuit 


3-72. 


3-67. man 
in’ each of the. four 
‘of an ISB.circuit when 


; Learning Objective: 
_ various types and uses of landlines. . 


/ 


How-‘many teletype channels are available 
3-KHz audio channels: 
‘ frequency division 
multiplex. equipment is used? 


1. ry 

2. 8 
3. 16 
he 52 


Which components of the modulated signal, 
ere suppressed to-produce the ISB: signal? 
1. The upper sideband .cnly 

2. ‘The lower ‘sideband only 

3. Both sidebands — 


4, The carrier only: P 


Long. haul communications that use & micro- ‘ 
wave transmission system are made possible 


by 


‘1. aiming the transmitting and receiving. 


antennas at the same point in space 
with 300 miles separating the two 
antennas — 


forming chain.of repeater stations 
from initial transmitting station 

_ to finel receiving station — 

3. using wire cavle ‘transmission. lines 
hk, using coaxial cable transmission 


Sines. . . 


2. 


One of the limitations -of microwave radio 


is its . : 

1. «nigh power requirements 
2. low reliability ‘ ‘ 
3. use-of a large part of the frequency 
spectrim | 

narrow bandwidth 


‘ 


* 


he, 


What method of transmission is most eco= 


noftical in aréas where construction and 
maintenance are @ ‘problem? ' 


1. Forward Propagation fropospheric ., 

Scatter (FPTS): ; 
2. Openwire landlines - : . 
3. Coaxial cable 


4, Forward Propagation Ionospheric 
Scatter (FPIS)- 


“a a 


Identify the © 


“The type of line™used. for" shore haul 
teletype circuits or keying a trans+"°, 


“‘mitter ds a/an ' 


1. direct current ‘(D-C) landline 
2. ‘audio ‘frequency landline : 
3.. wire cables 

4. coaxial cable 


8 


o _ , 3473. 
37h, 

= a 

2 

~ 4 re 
ig 4 
: 
oe ; \ 
- | 
ee 4, a * v7 


‘under pressure into coaxial cable in. 


3 
“3, Prevents crosstalk between various 


One pair of (A, audio frequency /direct 3-75. What is/are the advantage(s) of under- | 
current) landliries are capable of ground wire cable?’ ee 
carrying up te 16 teletype channels and” - 1.- They gre less susceptible to sabotage * 
are: considered to hein the (3. wideband/ 2. Théy are less vulnerable to. storms 
narrowband) systen. ~ 3. They eliminate unsightly congestion - 
i. ‘A. audio frequency; B, wideband - especially in cities ae { 

. 2. a. audio frequency; B. narrowbané 4. Each of the above ‘ 
3. A. direét current; B. wideband . : * oes F 
&, A. direct current; B. narrowbard- . ; ‘ Re ES 
Why is air-or nitrogen gas introduced : ; : ' . —_ “ 


aaa between tubes and wires? 
Keéps out noisture : 
Aids in detecting any damage p 


Lead 


circuits in the cable : : : 
k, For the reasons stated in (3) and = : ee 
(2) above 


+6 


hel. 


a F] 
hed, 


*? 
r 


a3. 


” 
’ 


Learning Objective: 
_ communication satellite system and 


Descrive: a 


ddentify specific. satellite and 
earth terminal characteristics. 


_ ee BBs grie 


What. does the Navy: "expect to-accomplisk 
‘by -use of communicatfon satellites? 


1. 
2s 
p 

b, 


Replace existing conventional trans- 
mission: media 
Lower procurement. aiid deVelopecat 


costs for future Gomauaication: hetworks . 
"Meet longhaul comaur{cation demands 

for previously inaccessible areas: . 
Control military: operations with 
greater: reliability ‘end: ‘security 


How i 


Phase I 


ity provided’ in -the IDCSP? 
‘Phase II DSCS provides. fora. greatly 


1. 


‘ 


Which’ couactettatie best: describes a. 
passive satellite? 


aly 
2. 


The inclination of an orbit is classified 


dh 
° “ as: 
a 
“3, 
36 
© ali 


intreased effective radiated: power 
Phase II DSCS utilizes wide-bean 


antennas. 


Phase II satellites are deployed: ‘in 
non-synchronous orbit + . 


Each of the aber . 


The signal strength of a passive 
-satellité is far superior to any other 


& 


,@ 


It. actS as a-repeater | 


satellite. 


-A passive satellite merely reflects 


radio ‘aignals back to earth 


it” back to earth, 


- 


-etiner elliptical or “edrcular 


synchfonous *. : ‘ 
asynchronous oe 


iticlined, ee or- equatorial 


na 


11 the overall ‘performance of ‘the 
I DSCS be. enhanced over: the- -capabil- 


~ 


. 


_k peasive gatellite will anplify the 
receiver signal before ‘retransmitting 


’ 


4-5. If the sited of an orbit is ddgaricit 4 to. - 
that of the earth it is referred to as 


a/an_. 


orbit. 


“1. synchronous 


2. ‘ special 
3. asynchronous 


a circular 


» 


Py 


426, " How many: earth terminals can use 4 
satellite at one time with the present 
operational military communication 


? 


satzilite system? ’ 
1. 2 
2. 3 
3. ok 
4, 5S 


° 


In items bet through 4-9, 8 ‘select from column B 
the parameters that are described in’ column A. 


. 


‘beT. 


bob. 


As Description 


Orbit of a sateilite 
nearest the center «. 
of the earth : 


Orbit in any plane 
‘not coincident with 


the equatorial plane | 


4-9 on 


“YelO. A 


Orbit, of a satellite at the 4. 


greatest distance from 


the center of the earth 


‘Bs Parometer 


- 


L. Angle of 

* inclina~ 
tion | 

2. Perigee 
3. Apogee 
Pdlar 


v 


* 


A satellite orbit with an angle ‘of inclina- 
tion of near 90 degrees is referred to as 


a/an orbit. 

1. equatorial 

2. circular ” . 
°3, elliptical 

4, polar. 


wets 


: . beds “When (a. eeofehren sateliites. -are. ied 
4 : ‘ ” to provide coverage, over -mgst of the. -- 
earth's surface; they- would, bé .pleted. in 


— e 1. As two; B. synchronous | 
ee 2. A. two; B: -near syichyonous. “ 
pe 6 .3.. 4. three; B. ‘néar synchronous 
be vel owe AS threé; B. synchronoudl 
b-12. . In which. type of orbit: wi}, aqraateliite 
o~* appear to-be ‘stationary? . 
eu! ae seg de Synchrenéus- equatorial 
f e 2. Near syrichronous dif ; 
a ™ "3, Medium altitude —~ a 
h, Polar : 2 
_ 4-13. ‘Which -pover soyrce is constdevea & practi--, 
yo . "eal choice for satellites? |. ae 
. lw -Solar cells ran ; 
ae 2... Stordge batteries eg tk x eee 
3. “A -combination of solar cells. and 
storage. batteries : ae 
: k.|* Sunlight and energy 7 
be14, What development in Sateilite communica- 
a . tions improved back-up power . during: a 
eclipses? : 
1. Am increase of solar célis mounted ee 


the surface of the satellite’ 


re 2. Installation-of nuclear power Sources ° 
: 7 4; Inetellation of a nickel cadmium 
o ms tattery 
: sok, Exposing’ solar célis to the- sun con- 
Ow lg senucualy : , : : 
. € 
Why is’ seceli ite orientation in space so 
important?” 
1. To meet the requirenent’: of -spin’ 
stabilization 


up power ~ 
‘To ensure thet ‘ sunlight. sonvelgion on 
the solar cells is- ‘converted to 
electrical power . 

Because it is essential thet “the maxi 
mum numbér of the solar cells be 
exposed ‘to the sun’ and that the 
satellite antenna be. visible to. 
ippropriste earth terminals. 


A small part of the tote reaiated enéray 
of spin stabilized satellites is ‘directed 
toward -the. earth by’ ‘onboard wee ye * 
1. antennas that. radiate in ail direcs. 
tions. drothd: the’ spin axis. . ‘ 
soler : ‘cells ‘around the ‘periphery of 
the sdtellite’ 
pulsed: ‘radial ‘jets 
axial Jets, | 


(i. near. srncbrosious /aynatrctous ¥ orbits.. 


F e328." 


4 
oe Re . . 7 oo ee 


It is a’ primary factor eee for back= 


What type antennas will support earth . 
communications between facilities outside 
‘the narrow: beam coverage in Phase II .DSCS? - 
1.. Four high gai afitennias : 
— ee Two: ‘horn anterinas- 
an or Omriidirectional antennas 

Dae » dite. gain difectional anténnas 


beT., 


“ue 
ate 


“ ‘ 


What is gained by- satellite earth terminals 
being. Located in. areas: remote from: the cy 
users? 


. 


he Oe ‘Less transmitter power is required 
», .2, Greater - -security 
* -3e Reduction. in the number of antennas 


me ‘Reduction, in. ‘RF interference 


oo” 
r . 


= caeate A 


. For items “eg. -throuat Angh, select: from, column, B, 
Ae antenna that 18 described: in: ‘column, A. a 
as A Besctiptions ‘ 


as ‘B. Ariteniias- 


“. 


1, An/Ta¢-54 


. a 


ite: ‘Uses a ‘paraboric 
antenna: 60 ‘feet in” 
2 eat " — 


22: . AN/FSC29/ 


tie20. ‘Uses a “paigholtc. , a *30 sanstel6,”, a 
-e, antenna 4o"feet, in. 

"; Alaimeter er ae k, i /930-3 

- Uses a cluster of | 
4 parabolié sntennas’ 


‘fers 


eae Pe a 


"een. 
Q 


_ ke-22.. Why, is. it, essential that aa earth terni- 
als have a combination of- “hight powered 
transmitters “and “highly ‘directional, high 
gain: ‘antennas? - . 
1. To overcome. the upeLink, Liisftations 
2. To ensure signals: are strong, enough 
to, be ‘detectedby the satellite 
To permit, dowrie] ink - operating condi= 
. , tions within: the satellite’ 7 
We , “Botti i. and: 2 dbove. “ 
* met unit enudpadnt’ ‘4s “installed. 4n- ‘tthe 
munications ‘satellites to allow changing 
_._Of--the the ‘spin axis or permit. monitoring’ of. 7 
"the “operating conditiors-within-a-satel- 


3. 


* 


ie 


“ye23. 


lite? , °* Sk 4 4%, a 
1. Exciter /modulator - oe v i ae ae: 
2. Power. auplifier py Be a, . + ‘ 
3. Telemetry») 0 7 wg a : 
4. Axial jets L a aa : 

ae be ? a ‘ 


4a2k, “Whiten earth terainal(s) helace: transpor- “. be31. The (A. Navy Sa 


fable, and scan normally de. assenbled- or _  Maval Télecominications Command). allo-_ 
dismantled. in:less: than two hours..by‘a - , gates Navy ‘assigned operating time to 
7 well: ‘trained. ‘experienced crew? i‘ “(B.. CAMS/ CALS which‘in turn designate 
oat 1. ‘AN/MSC-46 es = a a . pairs of earth ‘terminals to use -the . 
-. Be AN/TSCL5E ys G2 assigned ‘tine. 
* 3, AN/FSC-9.. * re 1, A. Navy Satellite Operation center; 
She Both; 2 and* 3 above ; . , *B. CAMS. «+. 
Sm ae : 2. -A. Navy; Satellite Operation center 
4=25. The earth: carliak designed: ‘for? ‘ube. ‘as , - “B, CALS’ : 
the shipboard: link ‘is “designated oe 8 _ , 3. A. Naval. Telecoumunteations Command; 
1. AN/SSC-6 4 +, ‘ ; By CAMS’ “ 
2. aN/ssc2 6. - » he oe oe Me RS Naval. Geiccommunicsticns Commands, ” 
- 3. AN/TSC-54 eg - a _ B. “CALS, eg : ; = 
he AN/MSC-h6 ~~ desaecte. Ge 2 : a | 
- ot, We385 A gatéllite “inva _-. orbit par- 
4-26. - The- extent of. aifticulty “in acquiring. - . ° ‘tioularly! places severe requirements on. 
and tracking a one as: determined + the ‘acquisition systen by. a ground system © 
largely by- the. 7 : 28 equipped with large antennas. 
: 1. earth terminal antenniy . a" i. equatorial or poler | 
y . 2. , Satellice!s- orbital ‘parameters: a ‘ 2. medium: altitude or- elliptical. — . 
"4." 30 slow rélative motion of’ the ‘satellite. . 3, -elliptical or polar- mM ts 
on relatively vapid: Dane in ‘position: oe * 4, synchronous or: near synchronous 
ch-2T. | Why - 4a it more aitticult to vacquire and *.: 4-33. What ‘eharactefistic’ ‘of a; satellite effects 
track satellites ‘in elliptical orbits? | i ae the down-link frequency? 
1. Because the: satellite is: ‘statiorary. ra . .: 1. Antenna- point. data 
2. Because, of the slow: movement of ithe ae: 2. Orbital. geometry 
satellite. bi eo “3. Acquisition ‘system 2 
3. “Because: of the requirenent to Scan be ls -4 7 Bearing: an and elevation _ 
“+. ,, the narrow*beam antermns. pointed. .~ 0 0 ae 
. + «toward the satellite". heh. 
: uy Becausé of the’ rapid’ changes in™ . 
“ J tposition - 4 ar : ‘ ler rs lank leat svequency variations. 
* ‘ “ : ‘ 1. A. near synchronous; B:;" largest |. 
4-26. in¢gimit ton -shovisig the scant var _ - 2. y near synchronous; B. stinljest. - 
. positions of a satellite at deghitr inter- . "3. 048. elliptical; B. largest ‘“ ian 
“1, vals. of tite is called’ care ~__table. ba Mee elliptical; B. ‘smallest So" : 
pee 1. “ephemeris . . re : ote 
26 mequisition oo eS 435). me antenna. pointing information ‘that’ is. 
, Be, ‘prediction ‘ . : Pe ne _ generated: by comparing. the @irection ‘of -. 
, Pe parameter gg ; ye Bee . the antenna-axis with ‘the- direécticn. from: 
ete Roe 3 “2 0., , which-an actual satellite. Signal: is. 
ss hn29s: me only important local epordinaté of  . * received “is referred to aa oe 
- position to‘acquire radio contact with a “+ + 1, ° frequency ‘control ‘6 5 = 
as’ Satellite ‘is . ss d, timing control | : 
so 2. -yeloéizy and elevarion : aon ‘+ 3... automatic tracking i ot 
.2. velocity: ‘and bearing - . a 3 4, progranmed, tracking a8 
f + Ben elevation and’bearing = *- °° : — 
Ae : :directiqn. and. velocity “ ee hn 36e Sirice. uncertainties, such-as poor ‘atmos- 
. fi. “ “ . *  -pheric “and sonospherié - ‘Bending - of radio 
4-30,, what nust be “taken. inte. “ecnatievation in” wave exist, automatic tracking is son- 
* order to- make’ peat use of satellites?” . sidered unsatisfactory and not used. 


, i. Failure of electronic equipment. oe oF 7 
-2, No Satellite in-common view: of certain b-37. Which of the following dine ibie repre-‘ 


pairs. of grouid stations for ninures a sents minimum satellite: outage time? ; 
_, Or ‘hours. at a time ot 1. Slewing the earth terminal antennas . 
3., Varying - and contingent ‘needs. of usérs be 2. Acquiring, the s satellite signal a 
h,. Each of the above = P not 3. Checking ‘for circuit continuity 
, ‘ . ok ” 4. ,All of: ane above. ~ - 
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ae. 
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ot te 
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- 
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aan 
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7 ote af: 
of ype et, 
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“hexB, “Wind ‘statement below daeneifies the 


“-Feason. a.‘safellite may. not-be- available 
and. pores -to“outage time. | : 
L.. Unsatisfactory. ‘programmed’ tracking 
2° To or more -earth;: terminals. -occupy 
“the. cormon volume- of the link terminal 


rae a ; : = “antenna 
oes. ° 3. Bunching, of satellites ‘with gaps - 
. oy he. Drift velocities of ‘earth: terminals. 
ca 3. P . 4 
i Bee Ng ra pean oO - g ée 


Pee! 
“ ; a ys, ¥ eg 
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: _ Learning Objective: Recognize the role ° 
thon " .ofssatellite comminications and iden- 
ne tity the , Savantages and limitations. 


@ 


o 


rae ‘ e. i Sige RPS = 


P = imisen of: the: fortobine links is NOT con- 
co ‘sidered ‘a. conventional means of .communi- 
wev  gatdonst * ; 
Poe. a Satellite: : = " ¢ 

wo og By HF radio o> ~ + ss Fae 
oe e Be 
peo Microwave - ‘. c 

7 vee are : ; 

: What application’ of satelite. coumunica=" 
ae oe tidfi resources offers more reliable: con- 

; ‘ a munications and is. less subject to: 

ach ae dgtection? i ‘4 
me Sy “Le “Contingency. operations. 
‘Ss * 2. ‘Command and conteor. , eta, 
a Tactical . oe reo 
; DCs. “long: distance Pinna - 
are ie =) A ’ ¢ 
 * - hel. Whieli of the torloving is/are. ‘cdiietdered’ 
.» , unique advantages of satellite. -communica- 
“« « tions? = * 
a rs eae Satellite Vinks ‘are “affectea by Propar 
Bae “gation abnormalities only part of ‘the . 
go? x P ‘ time * 

: 2 Satellites offer greater Pellabizity 
and. flexibility . ile 
Satellite links are capable. of +v 

~ # covering: greater range: with ‘the l. 
“-.,'.. 2 | numerous repeater stations - Rs 
7... Each “of'the above << : 


“Meh2. 


e 


. The reliability of active qibelittapstes 
munication: systems ‘is ‘dependent “primarily 
* ‘upon , which ‘of the ‘following ‘doneiaeraticns? 
: < “~The equipmerit- employed - °° 
* ; 2. The skill. “of the operating, and painter, 
: a ‘nance petsonnel 

3. “Reflection or: refraction of sateriite’ 
- frequencies : 
- 4," Both 1 and 2 above 


te z 
is 
© S sN & 


 thel3, What is the RP channel cépability of thé’ 


a 


= ” ‘ ; re 
tye) O30 Four : we ' 
© 4 . alt “Unlimited charine capabinity 


* ve * 


i 7 1. One i cy 
ars 2, «Two 


: Tropospheric iantter Cg ted 


Phase I satellite on the down Link? °*/"« ~ 


hoby,, SMhich’ statement ‘below. ‘best describes the . i 
-advantage- of satellite communications in 
", ° terms-of flexibility? Oe 4 
1. _Certain.earth terminals: “are -housed In. : 
“vans- and can ‘be- transported, to beads cd 


-. aréas* re ; 
« 2.’ Military: satellite. communications’ are ., 


- caprble of: ‘handling: hundreds* of voice 


Hap, these ‘Channels 


‘..3- Tie antenna. group of. “any earth’ termi= ae 
nal .can-"be mounted-.on- a ‘ship! 8° = 
. weather deck | : ee ee ee 


Ae A high degree of protection to Jamming eugte 


is afforded iby: the highly directional ° 
-antennas’ at earth. terminals 


° 


4-5, What: determines. the! imitations ofa. ? 
' satellite comminications s system? : 
_ i. | The satellite's techihicél Spaeees er~ 
3 “istics” ; 
“2. The satéliites orbital parameters ’ 
i 3. The satellites. dow - gain antennas a 
M.- Both 1 and: 2 above shin ‘ oe 


¢ 
” 


ou 


Learning: objectives ~ Identity’ charade ‘ i 
-teristics’ ‘of eléttromagnetic ‘waves - 7 
‘and’ factors affecting. wave ‘propaga-" §,°’" 
tion. (This’ objective- continuéd, im ote 
sinignnent 5) 4 


oye 


PORTION OF RADIO WAVE. 
INTERCEPTEG 
(RECEIVING ANTENA 


° “Figure LA. --Basic Radio. Communication 
ed pia A 
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heS1. 


4-52.” 


“hy. Ground reflected wave iq 


Which component (a)- in: ‘figure 4A generate(s): “yesh. 
energy in the form of syectromignetic 


waves?) = 1: 6 
2. A. ‘ 
2. A&B ss ae eS 
3. ¢ te a ; : Tat 
i, Bee Bei we Bye oe 

~ a . 
‘How many ‘ailes can a radio Wave travel in 4-55. 
one. zecond? : ae ae 
“he "1,860 * “4 
2. ‘ 187600 eo : 
3. ” 186° ;000 a ~~ F ° 
4, 186,000,000: - , + fe & 


“me ability. ofva receiver ‘to ‘aplity weak 
signals dea measure of its 4-56. 
(1. tgelectivity. ~ <. : : 

2. ‘sensitivity. 7? 

3.. -antenns: configuration: 

h. field strength | 3 
Which of the. following ecoateiins may 
cause an unintelligible signal? 

1. ‘Interfering signals 


2. Noise ; : 
3.° Transmission. dine losses. °. 4a57. 
he, Each af. the- hers ; ° : 


Which: type; of’ dive is: most aatisfactory 
” for. long ‘distance comminications? 


1s Sky-wave . as ee, 
2. Ground wave 
3. ‘Surface’wave is 


cod . -4aeB, 
Radio ground: waves follow the curvature : 
of the: earth. decause- of the affect of - 
1s _ absorption 


2 


‘ diffraction 
3. -reflection . 
4. refraction pas > 
The phénoiierfon where pare of the energy 4.59. 


of a radio wave will change. direction, 
from the“line of sight path when ‘it passes 
the edge of an Dbdbject is knowrt: as é 
1. . refraction ; a . 


2. diffraction 


3,. eddy turrents - <, a 


k, aprenuastoe . 


What are the requirements: ‘tor utilizing ~. 

_ ground vaves—for_long_range communications? _ 
1.- High frequency & high ‘power 

2. High ‘frequency & low jpower’ | . 

3. Low frequency & high pover . 


» 4. Low frequency” ‘& low power 


> ¢ 


3. space waves 
oh, ‘increased aneney: a 


4-60. 


“Eddy. éurrents are get up by an. induced 
"voltage in ‘the: éerth calised ‘by the. 
passage of 

1. -pky waves. 

2." ground - waves 


What: pert of the. enepey rediated by: ar 
antenna “passes through. the troposphere 
and is: acted. on by’ the senoeyeeres 


t. ‘Sky wave 

2. ‘Ground: wave os 

3. Surface wave Co ne 
4.’ Space wave ° al v7 


Which” of. the following situations affect 

“thé quality, ‘and distance of electronic 

transmissions? 

1. ‘The ‘rotation of the sun on its axis 

2. The- arinual. course of the sun around 
the: earth ‘ 

3., The development of sun s spots : 

4, The. number of ions present in the 
lonosphere . 


apae Se 


The ‘mater ‘of’ layers. in ‘the donosphere, re 


their heights “and their ionization 

(electron) density, vary 

1. with the ntmber.‘of ion#; present 

2. with the amount - of, al? present 

3.- with the:  strefigth- -of radiation anon, 
the sun 

4. both geographically and: with time 


The sky wave portion of a "Vote nee 
transmission at 15 MHz. during: daylight 
‘would most likely be Feflected by the 


i D-layer’ : » 
. B layer. e *8 : 
oF . FL: ‘layer 


h. , F2 deer 7 


the: frequency. of ucsirrence. and degree. 


t 


“Of! ionization of, sporadic E vary signifi~ | 


cantly according to 

1." physicel processes that produce: it 
2. its opaqueness J . 
3. Jetitude Sg . 

4. {onospheric storms 


‘Which of the following ‘characteristics “ 

could result from partially reflecting: 

sporadic E E? 

2h: Serious” s“multipath interference 

2: Favorable lotig-distance transmission 

- at very high frequencies. 

3. ‘Short distance transmission to, loca+ 
tions. that siould ereinertyn ae in ‘a 

skip tone 
4. Each of the above 


"3 


“ee 


’ 
rn 


4 


W6h. 


The most nighly ionized of or layers ana 
‘the most important for HF communications ; 
is the ~ 


1. 3D layer + - 

‘2. *E “layer aoe 

3. Fl layer , ‘ . 
Me F2 layer ; Fi 


“he 63. Which of the foviowtng characteristics is- 


! 
! 


q 


h.63. 


be 65. 


466. | 


true. concerning the ionosphere? 


‘1. It acts as-a cohductor 
2. It absorbs energy-in. specific amounts 
trom the electronic wave ° » 
3.. It -refracts ground waves. back to-the 
- earth - 


“kk. The ionosphere ddes by defraction 
what Water does to a bean of light S 
4 rs 

Which of the; following conditions depends 

on the amount of refraction?, . 

1.° The angle: at which the sky wave 
strikes: the ionosphere 

2. The frequency. of the: wave 

3. The ion density 

‘ All of. the apers 


The. highest. frequency that can be sent 

directly upward: and‘ be returned to earth * 

by. poe Spnoupiest is known as ‘the » 
for that layer. 

~paxinum usable frequency 

critical frequency ‘ 

. vertical frequency ' 

.” refractive frequency 


The selection. of maximum usable: equeoies ’ 


(MUF), for fixed distance, transmissions 


A at specified times depends upon 


1. atmospheric temperature 
| 2. ionospheric Yonization . Sa OF 
' 3. tropospheric humidity. $ . a 


. 


t 


a stratospheric ‘pressure 
The highest frequeriéy that will be . 
jreturned to earth at the desired “logation 
‘is -knoim as. the- 

iis low refraction frequency: 

ay maximun ‘specified frequency 

3 neximun usable frequency ° ‘ 

ook, . fFequency of Optimum traffic, 


The distance froth the transmitter to ‘the 

| néérest ‘point’ at which the refracted vaves 
return to earth-is called the 

1. , skip, distance 

2. skip zone : 

3. ground: wave: range 

4, area of best reception 


4-68. 


W669. ‘Which. of, ‘the folloving, conditions is éch- 
sidered ‘a. major problem in electronic 


4-70, . 


oe 


4-72. 


the distance between the farthest point 4 


that, ‘the: gound wave extends from the as 
transmitter and: the first point where the . a. 


sky waye is returned “by refraction from sug 
‘the Lonospheré is called. the . 5 . 
area of best. reception, “a 8 


a 
2, 
33 
lb, 


‘skip ‘gone 


skip distance 


saturation ares tk 


& 


reception? oe : 
1. Random variation in wave polarization ; ae 
2: Sélection’ of ‘a FOT too close to the ce 
‘ MUF eet 
3. Irregular'variations of the donosphere x “4 
as Fadiig : . , 3 
. & me 
“What is‘ one. sethoa. of sreceemine the o - 
problem:of a received signal that varies. sed 
in intensity over a relatively short ‘ d 
“period of, time?. Sted 
1., Diversity reception . _ : a 
2. Combine the audio outputs » ©, : 
3. ‘Feed two separate receivers ‘ i 
ds : Place two antennas a wavelength apart 
What causes: ducting? 3 
1. Ionospheric storms” ne 
2. Temperature inversion rn ee 
3. Frequency fluctuations » “2 
4. J Low cloudy masses. : _ : 
‘What propagation technique may. ‘be vy : ; 
employed to- extend UHF transmissions: r 7 
‘beyond. the - ‘horizon? . , 
1. Tropospheric «scatter 7 "Ss 
°2..° Ground reflection s ' 
3. Atmospheric refraction 
“4, Tohospheric scatter 


Renee eee ee SKE -s - = 


FTRANSMIT-TING | : os > 
.a aire ‘ ‘ J ae , 


s 
se 
‘ 


Figure 4B.-Scatter Propagation. Ys 
bh . 
“What effect will ‘en increase in “the” »  , 4a75. “Which of the: ‘following - conditions affect 
angle represented’ by .point B.of: ‘figure . the selection of frequencies for 
WB have-on. the received’ signel?: . communication in the- MF/HF bend? 
‘1. The received signal will increase 1. Propagation conditions : 
2. The received ‘signal will decrease 2. Frequency availabilities 3 - 
3. The. received ‘signal vidi not be ° ~3. Frequency authorization 4 
ae affected ‘ 4. Each of, the above. : 
oh, It ds not possible to deteraine -what 
. effect this will have ‘ on the received 
MS signal | 


.4 


me ‘tropospheric scatter signal often is o 
‘characterized by veiy paere fading - caused 


turbulence ‘in the atarax 

the: vangle ; ofthe transmitted beam 
multipath propagation. 

‘extreme: path lengths 


~ - ad $ * 
; , , ; : 7 
a : ; — . =< See pris ‘ 
Toe to a: “ee . -- Oo a aT gt “ : : 7 
7 os > Assignment a - 
- wave Propurction ‘and, Antennas (continued); Communication. . = & ' ° 5 
. = vee OF > - Sa Cae * . ~ = » ; 
“<. Meanumittérs and Receivers Facilities Control’ Operations . i gts iS 
Rextback pages 117 through 15% “% & 2% “- ge 64° Pot Bey | mds 
~~ ee es oe e 7 eee : pe ete H wt ae aera 
x - Oo, : . 5a . .. ‘ me by 
Oe Oe ee ee - §27, “An RF transmission line will transfér : ae a 
~~ frirtring-Objective—(continued):. Soe energy more ‘efficiently at ‘ a 
- 5. oe Hdinti ty characteristics ‘of ~~. higher frequencies ok Ok ‘ , aa 
 & ‘electromagnetic waves and factors: “2, “thé frequency:.for which the line ” ee 
_ -affecting Wave propagation. - ig-designed $ a , ge Pe 
. 4 a Rigas 3 " 3. relatively low frequencies anes 2 
* eS — . *-  _ 4) medium frequencies e O® Jf : 
.'" S=1, The key to frequency selection,, regardless . : ye. , . 
. of the time of day or night “is, the condi- 5-8. A “dipole” is best cheracterized as being i 
_ tion of the (A. tropospheré/ionospheére oe ES a/an_' |. : antenna. . a ee 
: (BR. over/midway between) the two stations. 1. , quarter wave. _ ; Ga EG 
* 1.” _A. troposphere; ‘B. over eg _2. half wave ~ , ; : * eg ~ * ae 
. 2. ah» troposphere; B. midway between , "3. long wire ae : Mite, ee a se 
i 3. A, donosphere; B. over ° 2 4. unidirectional, ‘ ge aE Pe . 2 


iL. : A. Lonosphere; .B. midway Detween : 4-8 2 gS ; ote 
; ‘ ‘ 2 : 5-9., The quarter-wave: antenna, often used where soe 
5-2. Wavelength of a.rddio, wave is commonly space is limited, 18 also-known as a/en =~ 


Se 
Ae, expressed in, , ’ = antenna. a rr 
‘1, ‘inches ae a et 1. Vee.” = ; a ; ea a 
» “Oy , feet ft ; i 2. Hertz * © , rm bn 8 

e ’ .3. meters = . : 8 : 6 3+ ° long wire le oS oss = Pa 

, 4. miles - i .< ¢ 4 7 » 4. Marconi 14.7 \. One - 2 Se 
sO - e o8 : -.F : ad 
5-3. The position of an antenna. with respect: 5-10. The most commonly used antenna for naval ' : aes 
to the earth is termed the. +, HF point-to-point communications, is the : oe 
- \. radiation pattern af , .. verminated Vee ‘ : oe * 
1 2. ‘horizontal cr vertical polarization. ‘ 2, conical monopole a .f 
3. magnetic field” .~ ae. ae. 3. ‘ broadband sleeve : 
‘4. “electric field’ - e 4. horizontal rhombic ae ‘ es 
se ob ‘ : ° “11. ~per ince of ‘a ‘rhombic antenna ma “3 4) 
sol.” me two types of antenns polarization give 7 )0"° Tee eetore cick of eee follwing ; 
ae about the same «field intensity when they methods, ifany?. ae aaa: ; 

- | + are Located-at least one wayélength above 1.' By “ising woresthan a @ingle wire to 2 2: » mu 
~  e the earth. <". a a ees *—form-each-leg: re a s . . 
t 505. Te an antenin'sriteton'patern 1s ss epee ere 

“ , altered 80 that, it. radiates.in only one 3. By reducing the Vertical length of , - 

, direction, it is said to be ~~ ' ‘each leg : : * ae oe ‘ 
1., unidirectional a0. : 4. “None of the above-will add to the: ‘ 
7 2. bidirectional . . ’ performance ae te Ps : ° & 
» , %. ‘semidirectional Me A — 2 
.« . omnidirectional o% 7 5-12, Which of the following types of comsiuni- .. 8 
? : : ; ae. ae Sy ‘¢ations is not a primary-application‘of . : 
5-6. What device. is used for transmitting or the Sleeve Antenna?- . : . : 
guiding electrical energy from‘one point 1: Ship/shore/ship . Pas : 
to another? . 2. Broadcast . ‘ ane: 
1. transmitter ws 3. Point-to-point .. ae : 
-* 2. receiver, eg 4. Ground/sir/ground ’ . ve ° gee ee 


___ > .3. antenna”. 
fo sani ey ang Seton Line == 


: 5-17. 


“ 


5-19. 


i. 


x 
won | 


of 


© 
Which of the followlng types of shore 
station -gateninas- are. also installed, on ‘ 
ships? “. < . 
1.. .Rhombic: ‘and conical - monopole : 
2. Rhombic and sleeve « . 
3. Sleeve -and - conical. _moniopole ’ 


k, ‘Rhomibie, ‘sleeve and conical monopole __ 


5-21. 


"Yor reliable communications, it is 


- systems cto employ 


necessary for ali tropospheric scatter 


1 
2. 
3. on-off Keying 
he, diversity reception 


long wire antenna systems 
line of, sight transmissions 


~ 


> 


On what frequency ranges is’a wire -5-22. What method. of diversity reception- “is 
transmitting antenna. designed to operate the technique of iliuminating two dif- 
aboard ship? ° ae . ‘ferent acatter volumes in the ‘teipposphere?, 
Low. and-.médium ~~ -? 1. Circular-diversity 
2) Medium and high <8 2. Angle diversity : 
3.. High. aad very high r 7 3. Space diversity 
4. Very- jhigh “and ultra “high k,. Frequency diversity : 
” the wire that-is. aged ee vire antennas 5-23. Which of the following antennas operate” 
aboard ship “differs from that used: for ‘ over ah extremely wide: frequency ‘Tanget 
shore installations in that shipboard is Sleeve , ’ * ok 
antenna wire. “. 2. Log petiodic 4 oa a oF 
1. is physically longer 2: 3. Conical monopole - \ - : Z 
2; has a; larger. dianeter kh. Parabolic 2 
3. has -a omaller diameter . - 7 3 
h, is made of solid, unstranded: copper 5-24, What is ‘a distinct advantage of: the Z ‘ 
rotatable‘version of tlie LPA compared-to. ne 
What is the best nédatios for: a: receiving: the fixed LPA? “*° ¥ : 
antenna. aboard ship? : 7 1. The ability to rotate the array: " 
1. As near tie. ‘transmitting antenna: _ + 360 degrees .- ~ ag é 
‘as possible. 2. The RLPA cain be mounted on- steel a ae 
2. As. far from the- transmitting. antenna — _* towers or utilsty poles , Pee 
as. ‘possible’, . 3. “The physical. form of the RLPA re~ ad 
3. Near the ceater ofthe ship , . - quires less-antenna ares. a 29 
h.. Avay ‘from all vertical Propet ions 4, ‘The RLPA can be used in: ‘ship/shore/ ; ): J 
« sbip-or in ‘point-to-point comtuni- . wet 
“What is the designed frequency range of cations 5s ; . ' ar 
sthe inverted cone antenna? : = : é 
af ay oo : Oo 5+25. How many. edncéntrié circles make. up the 2 aaa 
3, ‘WHF-o nly 2 Ow eae 8 /—Hulleaweber - vahtenna agray? : , as 
be The. enkire AF spectrum es eB. ghewe 5 Py, 7 
}.. Which of ‘te following ‘antennas-arée used Serie SEQUE tes: eres ap Se ee a ee 
. — transportable communication systems _ 4. Five 2 i : : 
-in Yaboratory™ ‘and. shop installations? °. wg Sw ; % . 
‘s Whip. antenna _ 5426. Wnat action do yau take to restore : : 
2. Sleeve antennae : communications when one of the high a 
3. Parabolic antenna : . e frequency antennas aboard your ship is’ -.. ie 
Mad. Yagi vanténne 7 ‘severely damaged during heavy: weather? : 
¢ 1. Perform “emergency repairs to and” a ; 
What is ‘the ‘usual length - of HF whip _ Yreinstall the damaged antenna By 
ntennas? ' 2. Install a temporary, ‘emergency 
a. 22 ‘feet 7 antenna od td 
2. 28 feet : - 3. Remove the .end of the transmission ane 
33. 35 feet : line from the damaged antenna ahd : 
4. 40 feet connect it to thie ‘nedrest undamaged” - 7 
‘ a ar: antenna ~ . 
‘Why are-.whip antennas so widely: used? 4, Connect an inyulator to one end of the . 
1.. “They are inexpensive | 3 2 damaged antenna and raise the antenna ae. 
2: _They. require :minima) space B3% ceri sseene away: on the deck _ ie 
3. They are.simple to install ~ 7 ° te. od 
«4, ‘Each “of: the above reasons } : - 
‘, 
‘ ° - : s : 
‘ 
: 30 : ee pas 
, 7 ; mE 


5-33. 


Which end of an. emergency antenna is 
: attached to the equipment transaission 


~ 5-27. 

- line and- when? - ' 

or 7 1: The insulator end, before ‘the antenna 

. has: been hoisted: and secured- ‘ 

» 2. The Ansulator end, after the antenna 

Do re has been hoisted and secured 

: : 3. The- ‘alligator lug end, before the 

- antenna -has ‘betn ‘hoisted and secured 

+ The alligator lug. end, after the 

' antenna. has: been. hoisted: -and= ‘secured: 


5-34, 


es 4 a - og 
ee a eee oe ; 


’ \ 
, % Lgatning. ean “Recognize. the - 
‘principles and- Characteristics. of — 
‘Communications: transmitting, and 
recelvisg antes: 


* “ oes 


r ‘ 5-28. 
ee ia 1. ..To Peceive 
. : . frequency. signal ' 

2. To reject undesired. frequencies; 
> ae select -desired:signal and ‘convert 
: it to intelligible: ‘output 
To supply a. eusil potential to. the: 
"ant for ‘the purpose. of rsceiving 
Lon : voice -‘transaissions from: an: “AM 
* . : transmitter. - % . 
: To provide / jhe signals necessary to 
modulate. agieY Carrier ; 


What ‘ti: the ne punape of ofa receiver? 
d verify the atdio~. 


5-29; 


an i a 


What part of a transmitter ‘supplies RF 


-energy which is radiated by a = radenle: 
“ting antenna? 

1. Power supply . px & 
2. Buffer. . 


. 3s Oscillator | 


‘Power amplifier 


4, 


-One. of the: basic differences between low” 
cand high spower transmitters is the number 


of | __stages. ’ 
1. oscillator A 
2. buffer 
3. amplifier 
--4. preamplifier e 


: 


‘Which. of the following typexof radio ccm 
=, tne : sunicatious>was- used- first? 2 me ze 
— : z 1. Continuous -wave (Cw) ; a 
a : * 2. -Complitude modulated: (aM): = te ; % . 
~. ¢ , "3. Frequency. : modulated {¥M).- Pigure: SA - AM radiotelephone isausnivear block 
a es 4, Single: ‘eideband (SsB) diagram. © 
—_— 5-30. Whichvof the ‘following characteristics 5-35. Which component of the. transmitter da 
a _ 7 te ‘considered<an- advantage: of. CW trans-: ; _ figure 5A converts the audio- -(sound) 
P - mission? ‘input ‘into Corresponding. electrical 
Re ee ee 1. ‘Wide- bandwith energy? 
cor . - | 2, ‘Wigh-degree of intelligibility : 1. Oscillator. 
Ze ---  ..- , + 3.-.Short. -Fange_operation.. eS oe Buffer: . 
» he “Kach*of : ‘the: above. a 6 3 ca : 3 ‘Microphone : p= 
, Pad s 4. Modulator 
5-31. "The part of a; transmitter that generates: | 
. basic radio feaquency ald venersy isthe, 5-36. On: amplitude sndaacisite: what situation 
1. - buffer : “listed below occurs. if the modulating 
2. oscillator . signal is absent? 
~ 3. -power - ‘supply oe . - 1. A Gontinuous RF carrier is radiated: 
4. ‘power amplifier. 4 ° ‘by. the: antenna . 
© > 2. The carrier is suppressed _ 
$=32. The amit that ampiifies the oscillator 3. The. RF carrier is varied 
“+ *etgnal ‘and: isolates the ‘oscillator from ‘ 4. ‘The-RF carrier passes only to the 
es ; the ‘auplizier stages is called the buffer, stage 
F fe 1; buffer ; & : . 
oe . 2 protector ° : ’ ‘ 
, : ; 3. ieolator , : 
2 | 
i + 


re E 
Cd } ad Ps bd . 5-41. 
at ‘ F ‘ . 
° 5-42. 
5-43. 
, 
; Figure 5B°- SSB-transmittet block dtagten. 
ee _ 5=37. Which component of, the transmitcer in, 
nm figure 5B combines .the® audio input from 
. -the. frequency generator to-, :produce the 
= two sidebands, and- then suppresses the \ 
a carrier? \ 5~44. 
ae ‘Audio- amplifier 
2. ‘SSB Generator 
7 3. Mixer .- : 
4.° Frequency mule tgiter - \ 
: $238. Wha is the- definition. -of. "haraonte"?- » 
pare 1. 0A spurious and. undesirable radiation. \ 
, : : caused ‘by faulty equipment 
2. A -phenomenon. that allows radio waves ~ 5*45. 
of certain frequencies to be detected ~ 
: randomly throughout” the: frequency 
e spectrum - 
" 3. An exact.- ‘multiple of a fundamental 
k 4.° A thinly~ground crystal used ‘to 
ne - generate a particular praqoency™ 
“Information ra items re -39° and: 5-40: 5-46, 
: The fundamental frequency of 2 radio- 
: ss ‘ ” frequency at oscillator is 15 kHz. 
; 5-39. The R-F oscillator generates- a true fourth. 
harmonic at a frequency of 
1. 30°kHz 
2. 45 kHz ° 
3. 60kHz > 
. a” ~47, 
4. .75 kz ? oead 


i. 


oscillator—at_a—sign ificant energy level? 


What is- likely: to be -the highest—true———__-- 
harmonic frequency generated by the R-F 


a 


What is*the second harmonic of the 


, fundamental frequency °4350.-kHz? ° 
malig 2175- kHz : 
Pre . 4350 kHz 
"3. “-8700- kHz 
; 4. 13050 kHz 
Which of the following comeunication 
devices. is designed to use some of the 
sane electronic: circéits for transmitting 
and. receiving to achieve ecutpaede com= 
_ pactness? 
1. Transaitter-receivers . 
2. Transceivers 
3, -Converter-comparators. 
4, Modulator-desodulators 
The AN/FRT-39 is.a general purpose , tadio . 
communications transmitter capable o£ 
-providing’ (A)... output throughous a = 
frequency. range-of 2 to (B) - oe 
.megacycles. . : 5 
1. (A). 10. Kw (BY 28 
2. (A) 10 Kw (B) 32 
3. (A) 100 Kw (B). 2& 
4. (A) 190-Kw (B) 32 : 7 
‘The intermediate power amplifier section 


of ‘the AN/FRT-40 consists of -the modified‘ 
. of the AN/FRT-39. 
1, power amplifier stage 
2. antenna tuning controls ' 
3. power-amplifier ‘stage and’ antenna. 
tuning controls 
4. relay and indicator control nite: 


to-provide long range communications 
j ‘type of operation. 


2, -f equency~shift carrier 
3. independent -sideband 


b enna p 


which of ne following operating “require- 
ments is- the principal basis for selecting 
the AN/URC-32 for installation aboard a 
particular sh p? ‘ , 7 

1. ™ commun it aiton 

2. Long range “Communication ; 

3. Short, range communication. 

4. Low A a inpu ; < 


What is the dactwun ower output rating 

of the AN/WRC-1 transmitter? ° 
1. 75 -watts 

2. 100 watts’ 

3. 125 wates 

4. 500 watts . 


30 kHz 

45 kHz. 
60 kHz » 
75 kiiz ~ 


a 


- 5-48. In- addition: to shaving an interconnection | 
‘box, the-AN/WRC-1 radio set consists of a 
1. transaitter and..2 receiver_— 
2. transmitter, a receiver, and an-R-F 


amplifier 
: 3. transceiver and a sideband generator 
4 transceiver, a sideband generator, ‘ 


and an R-F amplifier 


‘ ‘5-49.. So that ‘an antenna. can be tuned. without. 
. causing unwanted radiation, 8 (A. t emote 
: ; control unit/dumay antenna) is. connected 
Rae _ to the (B. output of the transmitter/ 
- transmission: line). 


1.” A. remote ‘control units: . ee : oo 
_&B. output. -of the transmitter P 2 LN 


2. -A. remote ‘control unit; . 
, Figure sc--Bavidwidth Characteristics of . 


+S. transmission line 4 
3. Ae dusmy antenna; ‘four types. of ‘peel : : 


. B. output of the transmitter 


. ‘ 4. A. dumay antenna; es eS) The two bandwidths; in figure 5C that are ae 
. . ‘3B. transmission line most characteristic : lof comercial broad- i re 
‘ : . _» cast receivers are. Aettered 7 
5-50. A beat: frequency oscillator; if required 1, A and B a 
for all receivers which are © ceiving 2. A.and-D . “yt 
1, A-M- transmissions 3. Bandc : -* at 
2... FeM transmissions ; - 4. Band D . ‘ 


3, ‘P-M transmissions . 


nn Teen trangnissions 5-55. ‘Which of the receivers whose bandwidth ds: ; 
shown in figure 5C is tuned the sharpest? 7 
- + §51.. The antenna of a. receiver extracts only . - soa \ eas ¢ ; oat 
- a -suall ‘amount of .electromagnetic ‘energy 2. BS | i . _* 3 
; ra, signal Voltage ‘that -is-measured in- 3 -C ~ : 
‘terms of a few © 4. D é “ 
1. wicrovolts : ° : ‘ ‘ 
- 2. millivolts - 5-56. The process. in a radio receiver which . 
Bar glen . 3. volts ‘ yo combines | an amplified R-? ‘signal with the - 
; ( : 4. dozen volts 7 output - of @ local: oscillator is pelted . j 
- 1, modulation.” > : i 4 ge 


: . , 552. The measure’ of a receiver’ s effectiveness 2 ‘hetrodyning | 
” - 4dn- amplifying weak ‘signals- nown as z detection «= i 
on ono a pedectivity ~~ | “ais - he Feproduction 2 aa 
, “| 2. sensitivity ; “7 bE =a na 
3. capture ratio , (et . , ‘ 
- 4. setebility oe i F : . ae a th ees 


Bat 5-53. The selectivity. of @ ‘receiver is rr a to Be pe : é 
. : measure of its ability to. ; : a . - 
oe 1. receive-desired.signals and reject . F 
ay? all others ; ° ; 
~ 2. amplify weak signals i : ser 
a 3. receive distant stations / ~ : . 


4. perform all of tiie “above (fuhcetons. : P 


a 7 ant 


reception: of which of. the following 
: pens ag eee nolest es i ata ea 
“1. CW ; 7 
‘FSK - 

SSB" 

meek of the = modes 


“noe 


= * - 2 
= 3. 
. ke > 


5-59. Which ode of desretion requires use of: 
the-CV 591? . 
1. CW 

‘FSK . 
SSB 


MCW 


ss 
* 


x 


‘, 5-60. 
for the reception of. multichannel: radio: 
teletypewriter: transmissions? 

Audio space diversity aysten 

, Space ‘diversity: radio: teletypewriter 


CW. 


Hingle-side-bend-redio-teletypevriter ——— 


5-63. 


Which adits ‘named’ below fs used ,a- prinarily 


5-64. 


~ 34 


= ’ 


intended primarily, for operation in- fixed 
_ stations? , eee 


R=1051/URR 
-Relho1a/c. - 2 
R-1414/URR ' 
AN/SRR-19A, 


Which. characteristic b below is available 

with the. Re1414/URR: ‘receiver, wut fs not 
available with the°R-390A/URR receiver? 

1. Reduced size 

2. Cooler operation . 
3. A digital electronic. frequency counter 
"display . 

4, Each of the above 


« 
° 


4 


Superior frequency stability is an impor~ 
tant feature of the” ‘ 
* 1.  AN/SRR=19A 
2. R=390A/URR. 


3. Re1k14/URR 
“h,  CV=591A/URR 


“6, 


ee % ae 
Z ’ Figure Sp - Block. ‘@legran of a iiperheterodyre receiver. . oh 
, “. o. = a 
Mee 5-57. “The- nixer-oscllletor “stage. of the 5-61. Whot frequency range isthe R-1051/URR 0 
icane) receiver in ‘figure 5D-acts to ' capable of receiving? : > ” 
; * 3 1; ,Yemove audio-mcdulation in the. l 1, 2-MH2 to 32 MHz ? a 
: a "intermediate-frequency’ (i<t). sign ; : . if #7 
an * 2. convert the, radio-frequency (r-f) 2. 2. Mite to" 30° MHz ? a. 
: . ‘ gignal :to-g fixed intermediate- os . ) an 
, - frequency. i-f) .* — 3. 115 -MHz-to 156°MHz ie ae 
Be Ore 3. ‘filter out the ‘intermediate- JS. 1 Me 
; frequency (1-f) carrier my 4, 225 MHz to 400 :MHz ‘ or 
. ‘seleét the radio-frequency ae of ‘ : ‘a 
the desired frequency ‘ = ° 2 _ 
7 5262. Which.of the-foliewing paeuivate fs a a 
yu, 9058, © The radio Setelver R= sgokfune-p: Fovides ~~ ——~-sorid state, “general -purpose- HF -teceiver—-- §=§ ——+- 


How does the\|CVA-591A/URR single- 5-70. 
sideband con erter; used in, conjunction 
with e ‘stan ra communications receiver, 
. ‘simplify the ining of single-sideband =~ 
oe . signals? 
1. Final tuning is done at the- converter ,. 
28 . not the re ceiver 
‘Continuous tuning’ is done -at the 
. converter 
3. The: ‘converter may. ‘de used with @ 
renote cont: rol ‘system 
AT operatic al controls. are located 
On the. front penel 


- 


Be " 5265.. 


5-71. 


a 


~ * Learning ‘onjectava:. macease the 
responsibilities: of. personnel 
‘aasigned to perform: -duties in 
i facilities. 
Aron ieee seme a Ayo 
” ~~ . _* . ee oe 
Sas 5-66, FCO is: ote: of the prisiary- operations oe 
zo within the WAVSECGRU\ Communications .: 
i : Center “pecause \ 
1; the facilities controller mist. be 
highly qualified. 
2. the -fecilities. controller coordinates © 
: restoration - sof circuits: ‘with. commer~ 
cial: edreuit suppliers 
: 3. -méssege traffic flow is cependent 
upon the: quality. of \the’ ‘circuits 
‘h.. cof thé various:-0 phisticated. equip- 
nents that must “be: = alana 


5-73. 
* 5-67., Which: person(s) would. sieaniay perform 
: ‘facilities control funetion ‘ht -e. small 
ee station? 
1. Communication: ‘Supervisor . 
1 8 2. Communication Operator 
. 3. ‘Maintenance Personnel : 
: ’ 4, Bach -of ‘the ‘above: 


Fundamental - responsibilities of the. 
. facilities, coatroller - change from station 
: - to station. , 


* 5-68. 


thich of the 3 following functions. would 
the facilities ‘controller most: likely 


’ a. ; ‘ 


5-69. 


3 Rega Teeatation 


cy : ~ : 


Learning: Objective: ‘peeing the 
. purpose of any See reen: 
system. 


5-75. 


Coed — 


Which of the following factors, if any, 
deternines the communication. system .pro- 


vided every: ship or ‘station? 
1. Mission. 


2, Allowance dictated by. -COMNAVSECGRU 


3. Size of the activity 
us None -of the above 


What is the primary function of any 
communication systen? 
i. “The availability of an informatjon 


source. 
The necessity of -s communications 


link 


tion-of information . 


ra 


stations 7 wr 


‘Learning Objective: Determine, the 


various stages: of a signal ‘flow of ol 
secure communication system. ~ ‘ 


ee The sucteine jie normally enters. che : 
WAVSECGRU facilities control-space at the ~ 


: stage. 

1. “Gudio ‘distribution 
2. DC distribution oo 
3. ‘ conversion . : 
i. end terminal aesices 


Inncdiately: following encryption, the 
teletype signel ‘48 ‘fed to the 
1. red. patch panel , 


- 2, black patch panel'* 


3; multiplex equipment 


*h, receiver ; 


“ 


= wk bart 


= 4 * 5 Sai . 
'? , 


Indicate -féapures- = 


Learning, Objective: 
common. to all switchboard ‘operations. 


~ “goths wake- of -the-features-listad. Delow is: 


common to all - receiver eee 


‘ Installations? 
1, Knobs are installed. in. the off 


position . 


2. Receivers are: ‘always connected to the 


vertical Tows of switches 


3. Remote: stétions ‘ere always: connected 


to the ho: horizontal rows of switches 
4, Bach of ‘thie above 


What poaition: of éach rotary switch of the : - 
‘transmitter transfer’ switchboard i's pro" a oe 
vided for connections to sn additions] eh 
extra transaitters?., se 


switchboard £0. control 
1s 18 


The; efficient transmission and récep- | 


. ‘To ‘provide a-signal path between. two 


even” tae 


ok. 
_ e , z 
- é wf * & 2 
*- . € 3 
& an “ 
. 4 wD 
eT ae a “et, + 
= ° oe ey eh HS 
ae vs oe 
* ” : an e 
a 4 
< a Le » 
‘ Z # 
te ‘ es $ 
: ; ' Bee ee 
4 ¢ Ps 
a . 


: a he , ge ve woe 
Aasignment 6: _ . ee 


os roe 


D rations (continie’dy 2 men : P © F 
oF co ' Tg aN ee ee ae 2 ~ wae 
- 7 aca ae <5 What. conponent ine diversity er pe me waite 
os Leirning Objective: Recogitze ‘the: , _ system selects the better of two receiver . - ve, 
, uses,. functions, ‘srd’ characteristics ieee th ; teletypewriter. pulses?, . mo pecs : not R 
‘ of: keyer/converters. and.converter-- 6° a1, “Antenna: os a § te oy va MY 
a . _ Somparator pore: oe 2. Comparator =. -. °° * ar Spe 
. a Soe 3, Converter gf: , Po ae. 
vo. : ae ae Ge 2 > 4, Patch panel : se "ef 'g 
7 ‘6-1. The keyer ‘and converter in a radio tele- ae ar ee: eo F eo Baty 
c . type system are “alvays incorporated- in > PE he gi ta fo Sh = ieee oe - tag 18 
Sis , on “one-piece ‘ ‘of equipment. ne <y : aioe ma a s : a . — war oe eS . = aren v . - . ; . we 
ee ee, ‘Learning: objective! Determine the’ ., os 
6-2. What is the finetion of. the: ‘gonverter in’ ‘ purpose ; dperating. principles and a 
° the frequency shift systea? ae components: of a, a eaetne ‘systen. : Toe FO 
1. Convert ‘mark and space ‘impulses’ tate - oT ag ° 
fixed-frequency* ac . ee ea ee ae z ce, Ss 
2. Convert, the: audio sigmal. into- -de mark,” 6-7. Muttiplexing. ‘cah be- definedias a aston 
7 3 and. -space. teletype signals; ° a “oo. for sending ; s, # wb 
oo “+ + 3. Convert mayk and space dmpulses Ante Pee a messages: ‘toxe multitude of, stations at 
- te audio tones “- the same.time. ° v Son 
Rag 5 h, _ Convert variable frequency ac into mark 2. two or: more signals. simultaneously over oo ED 
on and space impulses: ; ++. . @-sdnglecRF chanel ~ ee El og 
: ~ (+. 3. repeat. messages, . such. as distres3 _ ‘ + a | 
: 6=3:" A device used to convert: “teletypevriter eS Signals ‘ . al 
es * mark and-apace signals into carrier F A: metnagen RRCUEN a multigraph | ‘ae tg . 
: ; frequency. -shift atgneie. is. called a : i Uw eG 
1. keyer - : of 6687 The purpose of a multiplex system, As to » -) “4 
? 2. ° converter : 1. .increase the speed- of; teletype"nessages a e 
a "2. fepeater ‘ ‘ : _ 2. reduce-the-number 6f “teletypewriters oe aes 
.&. transformer —- ares 7 ~required in the communications network’. : aa 
‘ t : . . _ 3. dncrease the message-handling capacity gua eee Se 
a ty . : ge ag ets ge ° of radio comunication or telefvre-- . F 
fa mo ‘ < : aaa et. . *. writer channels ..; ‘ * = = 
: : teateing sieeeives Identity’ the 4. eldminate the keyer/converter équip= = or a 
i . methods Si Stverer? poeration: , a ’ ment in the al ad inapaliey: ‘4 . 
mt . __. sages : ‘tion: : oe a 
2 ove o> . 9 ar ed ; ‘ 
7 6~h ~~ vamry, apace “aiversity reception-is-:—-—--—6-9. How does. time-division. multiplexing. (TDM) , ‘ M» 
. ‘employed only, at, shore stations ‘because. ~ ‘differ from frequency-division multiplex> a 
1. transmissions are limited to line-of-' ing. (FDM)?° - ee 
w sight distances . TDM separates: signal ‘senples by filter- 4 
; -2, fading. occurs in transmissions: at sea . ing; FDM: separates signal frequencies ; ; . 
. 3. the antennas must. be spaced some oe by aynchronized. switching es : P 
—— ba distance’ ‘apart’ 2. TM separates signal samples ‘by aynchro-: “¢ 
, hy -great’ pover 1s required - nized: switching; ,FDM separates signal 
ont _ftequencies: by. f4ltering: : ; es 
. 6=5. What: method ef reception is commonly used 3. ‘TDM separates signal. ‘frequencies ‘by ae 
i ‘ aboard, ships.to copy fleet. broadcasts? filtering; FDM* separates signal . Te, 
- = 1. Multichannel samples-by synchronized awitching z ‘ 
.? 2. Multihop | ’ ; by TDM separates signal frequencies by - a ese F 
a 3. Space- diversity | = # synchronized switching; -FDM separates . aH 
oe -  &.. Frequency diversity ; . signal saapies by filtering + oe 
m : # . aa aaa — ara 
- * ‘ % » 
° 9 
aoe : : oa 
ia fy . ‘ 
: <) 3 - 
- ERIC 
ENC x 


4 
: 6-10. "What in the maxim. ‘pumbér, of chandels 6-16. What aietribution :fxane ‘terminates equip- | - 
‘* ‘that may” be handied by,‘the  AN/FCC~E9 and " . ments and, patchboards: ‘that :process: lack ° 
ome . AN/FEC=70 Telegraph Terminal? fo, (une lassified): information? 
rr Sr oa ha 5 1. NDE ' 
ae 2. 6 - arse ‘2. IDF . 
: es 3. 16 ae an 3. -CIDF- 
a .&. 32 ,¢ : oO age es is 4. CDF ae 
, a ae iy ot . 
ae "Gaia. “Ahe’, 70 _ demiitiplexes 6-17: The IDF should be iphyaically-sépavated. 
me ie a composite signal and’. operates: ‘on the- from. the.” CIDF by at - least ; 
cay ad : principle or {B. fre fuenc aivision; as 2 doches on 
* ‘time. division). “~ . ; wd - 3 feet . 
. a oA. AN/FCC=693 B. * frequency’ division °3, 9 feet : 5 a 
p Tew 2. OAS -AN/FCC-693 B: time: #@ivision: | 4. 12 feet . . 
5 rr 3. A. AN/FCC-70; -B.. frequency division 7 
4. A. “AN/ECC~103-B, tine division, 6-18. Which. Gf "the Following statements. 18 - 
, a ; . true- concerning: distribution ‘frames? - 
; : Bin te 1. “The MDF is built with- vertinal blocks 
os 7 eo as Pag . a termina’ sing cireuLt abiay entering 
2 hee 3 Learning. i Determine the: — the pbuilding, , : 
a purpose of and’ the ‘basic installe- - , 2. The. IDF terminate: putchboard chat . 
“ a tion requirements for distribution _ process. classified ‘informaticn, oe 
3 i frames and patching facilities. ~ ‘ . 3. The termination-o% icircuits catrying, © 
—— P « classified: ‘information to “the: sane - : 
. 7 ee : . oats distribution ‘frané. as those ‘carrying 
- 2 ie 4 6-12. . What ‘purpose: do- aistiubution ‘frames serve : un(rassified. diformarion- is #yricely 
a , at communication ‘stations? : s * forbidden fy, 
ey + ‘le, The- point of equipment interconnec- eg 4 A A. CDF is used” only’ at large cotnuclean 
_ poe Pa 4 tion : & éion stations: 8, . is 
- a 2.° The interface point ‘between the ute * ee . 
f » ot side: world and the aigtribution: *, 6-19. Maid flexibility. ‘of patehi ng’: “facglities. 
OUP am within. ‘commusiication, building’ o ig; dependent upon. * pe 
‘ wi.t {3s The" ‘access point, for, operators to ‘1. «test aactpesnt being’ “wired antes Qos ae es 
. ‘ , ionitor a- signal’ *«, . - patch panel ow cob 
poor 7 hy Both 1 and 2. are ~ . ae each circuit being notmilled chegiigh 4 
: > Ss : _ whenever possible ; 
yee 6-13. What does the! circuit * patchboard: atva + «3. the: ingenuity ‘and ‘résoyrcefuliiess ot” , 
, C : communication station offer the facility OO the. facilities controller’ : é F 
a 7 control operator? “he the patch..panel jacks being wired ari a 
; Teh ae 1. A method of rerouting circuits igaveliss to ne apeeraperiee frame 
; 2, ‘Permits operator ‘to ‘substitute aie ry 
: un equipment ‘6-20. Patch-panel jacks are.  vlted’ in | (au deitens 
. "3, Serves as an access’ point to monitor  Para}iel)*to the distribution frame so” 
,- wey te he. signal cae 7° 7" ehat tmder normal operation patch ‘corde: 
, \, Each of the “above | Co. eee » '@ are not necessary. a 
cow i . A series), B.-are-: 23 ‘ 
be cite ope Seibilit is. 9 the erteny's. ‘are not — > 
achieved: by, the installation of circuit wh Be Ae ‘parallel; Bi \are : : 
* patchboarg ond distribution, frames. he obs Laer B. are not Oe 
6-153 “whet! is: "che ‘purpose of the Main. Distribuc. 6-21, Which. dtetemant below. properly identifies a 
y ‘ cthe unélassified black patch: panel? ' ° 


y 


oe Yrane?’ . 
* Ro eliminate thé Sequirement ‘for 
patching ‘facilities. on all.circuits’ 


v 
t 


\2. ' To. serve. ‘asa tie. poist' between - 
2 ‘equipment - ‘ahd ‘Various spaces within. 
4 ‘building: - 
3. To teraiiate ayeults: which carry 
: “classified information » °° 
ca To. serve asa division point between ° 


-@ ‘communications: ¢ component and. = 


.™ outside, 


ee ry a 


ot ye 


¢ 


1. The ‘patch panel with the crypto’ trans: | 
~  mitter diput, and erypte receiver Ue ” 
put circuits: aan 
2. The patch patiel with the Ancoming’ aaa 
outgoing signal- : 
3. The patch panel ‘w with: the. incoming . 
receiver and outgoing - ‘send-lines = « 
The patch panel. wired with any send. 


. 4&4, 
: and Feceive’ ‘device properly Iabeled 


e 
’ 


* 


ne 


a 


« 


. . . ° 7 F 
. ‘ nas = 


G22, Which statement below ie correct’ “congern~_ "6227, The cords are usually. color coded 
. ie ing patch. panels? ' : red. ; os Mee we ‘ 
ta ao Patch “panel: are: wired‘ "80" chat any “1. send ~ Pg ae, ; 
ee ‘receiver, device may be. patched: ‘to oy Qe. receive ee es . 
- receive ‘Ff deyice <° 7 ‘3. fortest, j a Soe 
«2: ‘Two send: devices. patched’ ‘Cogether will 4. meter © . : : 
‘ 'o 4 ., Causa. visual and audible’ alarm =| , a a ee 
+ , Be ‘Any: send -devicd. patched: to. « Léceiver- "6228. The. meter-button: located on the. end of ane 
ae 48 ie ‘device: wall Cause: a. visual sind padibie | Pele the patch-panel cord shelf is used with ee 
¢ , valare = which.of the-following patch cords? . 4g soe ; 
Bok .” Any. receiver device. patched’ to” a send “s" “i Test . , i oak ace: 
eo device wit cause’ a. visual ‘alata. is noo 2. Meter and scope .. Ges le ‘ oe 
(et a only ~ ie “ oy! ‘ ’ oo we « 3. ‘Patching 2 ae es . . & cd 
eae. Casa CU ‘Hach of the above Shy, Fike ie “ 
“(6-23% Whictrof the idimiog ‘itene- of. Atiforma- sare . ard 4 * ee m 
' tion, df any, would. ‘appear: on ‘the: circuit 29, The-patch, ae located. in the two back’ ee a 
"“Adentification slip of-a- -efréute. ‘términat- “|S xows fatthest : ‘away from. the controller . | oan 
ey / ed-at.a RED. patch: panel?’ "+ facing .thepateh Panel-are usually (A: oe 
i le Terminal. teletypawriter squipment 7 green; ‘black). da-color’ and. arte wired__. nr) 
2. [ine oumber‘ . eS ‘(B..TIP. to TIP; RING “to TIP): giving . wt * 
re “aed, ° Ciréudt nysbers a ae : ‘straight ‘through reproduction of anys '.. 
ae None of Ene above: ae : ; ‘signal’ “on: two circiits. 7 6 a 7 
wor p 1.°A. green;: 3. TIP: C6. TIP wee . 
6224. “What. clésent “of ‘the patch: pariel jack~. 2. A. ‘green; B. RING ‘to. TR. 
detail. spetaice, monitoring-and enalyzing 3. AL bia Kk; B.. TIP te" ‘sip : 
the “incoming ‘or. Outgding ; ‘circuits with- 4." AG black;--B. ‘RING. ‘to TIP - - , . 
‘out interrupting : ‘the flow-of traffic? <. ’ oe ae 
et whe Monitor, jack . ae 6=30. ~ Which of. the following statements. 4s pf fe aa esa! 
2 foe Equipment jeck oo % correct concerning: the audio- patch a. 
~ O° 3. ‘Line jack a ee * panel?’ 7 aa z 
» , ‘.” Control switch res = a 1. The audio patch panel operates ta ‘ao ce oe 
‘ eee red, (classified) envirdnagnt only’ ' . Oe 
6-25. . What action would.a facilities controller 2. \ DC to- audio conversion is neconpldah- 5 a 
- take if it were. ‘necessary’to cut off the *. “ ed-at the audio patch. -panel a i 
‘incoming signal flow between: ‘the: equip- 3. The second section: of thie audio - ‘patch | se 
. ment jack aid sthe line‘on the- ‘Vine, jack? ' panel- contains all the’ test. equip- 
1 1. Insert a. patch cord in the ‘monitor ment jacks. . ee 
“Jack ‘ 4, Equipment jacks-on. the audio board a aU 
20+ Tiisert a, patch: cord into the. send “ are connected ‘to ‘the: MODEMS . se 
ir a : line jack.” Pan i : - ‘ “Ve 
= . 3. -Rotate,:the ‘control evitch’ to the 6-31.' Other then the: absence’ ‘of + in the - Se se 
a verticél- position” Jo % s * (RED patch panel, its design is électri~ po" Sag. 
~"&. Rotate‘ control switch: to: the eee eS cally/mechanically the sane.as the ‘BLACK * % 6 ahs, 
- , horizontal position ot Og Sa patch panel. » 7 
rr a) ont) sie we 1. equipment jacks So Pay Ra i 
a4 é Z Sse : ? .2.' ‘line jacks: . vo ; . 3 
. : oe ee . 3. monitor jacks : a ‘ ‘ 
Laarning: Objective: Recognize ‘the: oo. 4. mectyity lamps 4 gee ee 
’ ‘functions: of .the different types. of. ae a 
patch cords. of a patch. panel and 6-32. Which ‘of. the, following, statements is" true woot 
-gharsctexistics-of the patch sanel = concérning ‘the "STEP" signal? * ‘ tk 
1. The STEP ‘signal ‘ds. a timed. pulse enit- . - ; 
‘i : in oe - , ted by the crypto,transaitter. ; ‘ 
* 6-26. hat. portion of. the jack or ‘pacen cord“ 2. The.STEP. ‘signal {s used.;to aynchronize- 
: causes ‘the audible and. visual supervisory _ the teletype keyboard/TD with the 
. alarns to: activate ‘when. a vaispatch is erypto ‘equipment’. ‘y + 
5 made? © ‘ ; ; ms at 3. The STEP signal activates a " elutching ‘ * 
’ + Ll. Ring ‘ : circuit eo ~ 2 2 oe 
‘2. Tip 7 : 4. Each of the above ti true - ; i ; 
3. Sleeve . 
‘h. :Cord 


> 


6-33, 


ae 


‘ 


a os 


“v 


CAB 


6-35. 


€ 


 Learnivig. Obs. ective:’ Necounize 
énd tetndpad devices: me 


5 ~ ge 


‘What- .do: end: ‘terminal Geiae ‘conaist of? 


.1l.. Input. and’ output ° réletype -equipment 

Modulaticn-and*d demodulation. devices 
“Antennas ; ‘and ‘Lines, _ @ . 
Bither: a or 2 “abo aa ° 5 


mace quits the 


Learning Objective: 
; checactaristte of: Digital: ‘Signals. é 


seg! 


_* 


' Signals that contain two attterent: “ateps’ 
or levels are termed: : : 


‘1. marks * i 2% 

Qe .epaces . * ei Be, 
3. digital binary signals BO gee, 
-G, ‘data signals é ne 


’ Signals: require * equipméiits to react. to 
"MARKS: ‘which indicate-« passive condition - 
sand SPACES an vactive condition. 


. 


rary 


- 6236. Hie nany pulses are genezared: for che : 
“ selavecter transmitted of the: Iriternational 


6+37. 


6-38. 


- 
g 


. * 


+ 


€ 


39. 


Telegraph Alphabet No. .2. eas 2)2 ae 
he al 
3.° 6 et 
a3 aa o> = — é 


‘ ra 


‘Which. ‘units ‘of ‘the ‘teletype: oe scheractee, 
éynchronizes » ‘the teletype: machines and | 
signale with each: other? 


rele Units, 6-and 7: > . 
“"2yUnite-T and 2. 7.” 
3; Uridts dvand 7. | ° 
he Ungel 2, ands ° : 


vay 


Which “of the following characrerietics of 


a teletypewriter. eignal. code: has zero - | 


: ial duration., | 


at 


I. Marking a ee ee 
2. Spacing ~~. ©" 
3.‘ Transition - «©... a 
4. Modulation rate : 7. ° 


How is the modulation rate (signalling 
speed) of a ‘teletypevriter. -sigoal . de aia 
mined?> . 


. 1. By the uniform lengthening ‘and . 
. shortening of each unit - 
.2. By the duration of transition ‘tiine 
.3. By the number of transitions. per 
. unit 
-h, By the number of millieeconde required 


to transnit’ each unit 


Charactere-< or. symbols - _trans#itted: ‘tn the 


6-40. 
_ LTAW2 code are represented “by a series of ~~ : _, : 
“4, “five'equai transitions : a 
2, ‘five: equal .code: eleaents- : re 
- "++ 3, 26 combinations: of. mark and space ‘ ee gt 
: elenents: ee eS 
' 4&6 short and- long: ‘marking, ‘gigndia sepe- © ‘ a 
+, rated by, short and long spacing ae shag “es 
P > nals ee ah. og © ge ae a 


6-41. “Bkcluding ‘functional characters, how many “8 : 
~ printed characters can~be serit from.a # 


. | jreletypewriter ‘keyboard? , Ne ) ‘ te 
1, .% a Foe: BS 
* 2. 32, “ . ee ge ee 
i ° 2 ae oe 
‘, 58: . ns “oe s Se,” 


© . ‘ oe 


.. 


_ br h2.. what bit of the: + ACL code is a. check bit ve 
“used to insure ‘that an’: even -tiumber - “of. 


: marking. bits is in each character, ‘trans- F 
mitted?’ is E 7 
1. ‘Start bit — ‘ 7 5 we . 
2. Stop dit ~ eo sgs a 
3. Parity bit |- ooo a ac 


4. Synchro-bit - 


ee, = é ” « 
50 ‘ - *& - : : ae ee 
“ - os * Pd So 


Learnitig Objective: sisCingiies ‘be-. 
. theen, neutral and polar operation. © 
_ of ve. steletypewriter circuits. : fen 

ai wea tebe = s a . 


oy 


In eletynewri tee operation when a. circutt | 
operates on a- current and noscurrent ba: 
‘what term is used’ to, -deeignate the eireuie? 


6-43. 


1, ‘On-Off. 
2. Neutral. 5 
3. Polar : Pines hg Oy 
“he Pulse 3 . . 7 vo 
r . ‘ « aa et 


6-44. Which. of the statements listed beloy con- 
cerning neutral and polar operation: vis | 
correct?’ — E 


only during a‘ space condition. , 


o. 


Fy ere Z 


< ae 
Learning Objective: Dererming the 
effecte varioue types of distortion . sa 


have on a teletypeveicer’ signal. — 


1. A reading of zero. on: a- “milliometer ‘on. 
“a polar circuit indicdtgaa- complete : 
loss. of current & “ . 
- 2. The normsl polar. operseion, 4A fa “ 
“ MAVSECGRU is a “COMP negative” se a 
Se a a * condition’ . . 
‘<3. Neutral circuite are: ‘not common mo, poet 
within Des ! : 3 _ 
4, In polar. operation, current is present — 


ia 


6=45..° 


* 
r 


6-46. 


‘6-47. 


” 6-48, 


. 


ye 


6-49". 


Ta decéraining. the. quality. -of - -Calgtype~ 
writer circuit performance, the: primary 
_ Consideration: given to the “Feceived:+* 


teletypewriter sisnals is that the. signal ad. Plug a ‘printer into the monitor jack ° 

‘elements ae . aa > of the circuit in question ‘and wertty's., — 

hs be received ‘at, piectaaly, the correct “ the trouble - . 
ar time. > * . ade “Report the ‘trouble to the circute |” 

2. be. readable ac the. ‘receiving. dévice - supplier: 2 oo ‘ 

3. under go--uni form. “lengthening and _3. Plug: a.princer into che line Jack vf, * ge PG 

‘ shortening during: transaissiow the circuit in. question “and evaluate. : 
4. jibe uniform in length webs , ‘the trouble | « r M7 

~ 6, Patch; .test into the equipment ack "a 
What typeof teletypevriter ‘distortion : of the. cireuie da question , 
is. cdused, by atmospheric: noise, power ° x 
line iriduccion,, and dirty keying contacts? 6-51, Before. ‘aasunins chet a-relsy. is. defective, a 
4, Bias * S aa | 4 7 ‘the output’ distortion of ‘the - relay should, . 
2. Fortuitous ea : vbe: compared. with the Se 
3. ‘Characteristic r a Ur distortion of the test ‘keyer 
4" Carrier 4 ; . 2. output ofthe patch ‘panel milliammeter 
yy Ne 3. distorcion-of the inpuc signal: 

An - example of didteréion ‘would . 4, ; standard - of acceptable ‘relay distor- ~,, 

° be the Yapeated: shortaning of the- ‘fourth tion. measurements: 7 a 
intelligence unit: at the expense. of the: < ‘ a Pi 
2nd intelligence of ‘a character’. '* 6-52, ‘What is the first step pacilea’ of a Pare 
Ik characteristic | ae . facilities controller sfter verifying : 

2. cyclic: °' Pree mad that, the incoming signal is. Substandard? 
3. carrier’ a ‘1. ‘Switch: to plain language, « 
4. delay: ’ ‘ ao 2. Make a report to.:the eiroult supplier 
. - we Notify the distant Station to isolate = 


one, wethod of. preventing: signal - distor- 


tion on-eynchtonous circuits, is fo 
1. clean keying contacts. a . 
2. change: the haneth) “of -the- transmission 
line dt . 
3. use ‘the ceariomiséict’ delay compensa- 
+S ,0or *- . * 
7 oa “adjust line relays 


° 


moe 
vaneuine objective: sale the 
responeibilicies of a technica 
. controller - ~during a period of ¢ 
cute outage, and. describe the 
trouble-shooting procedures. which 


woniee °F 4 ‘ - 
ae ‘ 
"6450. “What is the first akap “a: technical cok~ 2 


trol ‘operator usually takes. wher a Btreuie* 
trouble is. Feported to him?) 


F the problem * : 
Assume.a defective relay is present | 
and “change equipments : 


oe ’ 
4 ~ 


‘Learning Objective: "Recognize the 

et functions cf the- Digital Deta - eo? gies 
Distortion Test Set. .*~ : 

ne = - = ee = — —_ 

The need -for uw. 18 “emphasized with . 

. the trend toward - higher transmission 

‘speeds and the introduction of new modes: 

of. -operation. dn. - communications, 

i. an efficient antenna 


ra 


6-53; 


“are employed’ to-eliminate outage.” 


If outage -shouldsoccurxon- @ circuit, .?) 

wha is the responsibility: cof the station 

having. the receive side. of the. ‘edrcuit? | 

‘Tl. Troubleshoot the circutt,,,working 
“back -fo ‘the signal: SOUrCe © 


2s Advise. the- sending ‘station pertod- 
eally. of progress-being- mad@ in =~ 
.. efforts to restore che circuirs °° 
3. Provide the. sending, station with 


the reason for the outage, once - 
the circuit has been’ restored 
Do- each.of the-above . 


Se 


Ae 


ERI 


. 


2 TS 22939=(P 


2. performance” testing ~~ 
3. better*quality control ., eos 
« 4 greater security , 6, 7 7, 


rr rs 7 od « 
° 


‘Learning: hfaceiven: Recognize the “ 
functions -of the Digital Data Dis- . : a 
tortion Test Set. cs . 


Which unit of the Digital Deta" Distortion 
Test Set provides s: imulated teletype : 
. signals used to test digital. data ‘and 
teletype equipments?.” 
‘L. SC-885- (P)/USM * 


6-54. 


3." 08=212/USM: 
4. _AN/USM 329(V) 


Z - ? \ ‘ , 


ers 


- © "685. The aime difference between the: aN/UsH. 6~60. weak of the following ‘etstcments rela= : : 
* + 929. (V)- 2 teet equipment and ‘the-AN/USM. tive to:-model. 28 teletypewriter ‘equipment e 
329 (V)°'2: cect, equipnent is that: ‘the? is. fslse? -- og ee 
. “AN/ OSM. 329.(¥) 1 test equipment: ™ “1. It requites less: ‘aatntenance than : ee Reh 
- 1.° is-mounted. in a: cert; the: USM: 329° (¥)-, _ Older models . 2” ng 
* 9 “2. de rack “mounted: ‘ 2. It is not practicsl “for shipbosrd. a 
_ “2a te modified. to: atcomodste- only “epeed : use. due. ‘to* sensitivity to-~ -vibration . 
‘up-to 600-bands - 3. “It is lighter and less: bulky than : 
3. provides. y degree of long-term accuracy earlier: equipment 2 7 Ba 
aor Ret ‘possitle with the AN/USM.329 (V)-2. 4. It is not as: noisy as-prévious typés : ay. 
4. requires operator: interprstation of . ars OT ge 
o distortion: dieplsyed: by the front 6=61. ‘The. keyboard, typing init, and trensmitcer. par 
” .panel weter ont — : distributor sre connected ‘in.. A. parallel . . 
oe ore “ * eeries): in the signal lind, but selection® a = 
: = ° of ‘these. components for either individual = a 
; ° ; , - or’ simultaneous operation. ia.-By the oe 
— Objective: ‘Describe the . ; selector switch; lise test.-switch). . ; ’ 
facilities: controller operational. , “ 1°. psrallel; B. selector-switch ~ 
practices and: recognize. the contents a a © parallel; 3B. line test switch. ae 
- of. the verious records. . 3. A. series; B. selector switch “e i 8 Bt 
Me a tes ie ware oe che series; B. line-test switch | ee. 
6-56. How. dows the facilietes: ‘controller address 6-62. What component of the AN-uGC-49 teletype- , “aa sf 
“SB la @ distant station on the: order wire? . .-  » weiter is- powered by its own: motor? ' ee, 
Pee 7. we 0 62 eignale ' 1. Keyboard ; ad F : 
ee : ‘2. Unclaesified: “fixed etation call’ signs. 2. Automatic typer 2-7 a a 
MO 3. Unclassified, routing, indicatore. 3. Perforator , ae a aes 
. 4. - Plain language: designators . 4. Reperforator oD 3 : Se 
6757. for the- -pur pose: of recording cdreute outsge} 6-63. ‘Which - statement cotieatning the. Model-28 ; ae 
*" seach hour’ ‘of .the radio day on. ‘the. Circuit ° teletypewriter is correct? ; 
Performance Log..is: ‘divided into » 1s, The comaunicstion and weather key- ao: fF 
"1. + °S minute segments . “a ‘boarde contsia letters. and -punctua~ . ae 
2. 10-minute: segnents - *, tion-marks common ‘to- the standard aes cunt 
3. 15 minute segments: - z - typewriter : ' a 
& 4... 30- minute. segments . es +2, Its operating apesds: are limited to Am ; 
: 100 or 300-worde per: nute’ A 
6-58. Which ite of inforsation listed below 3. -Conversion ftom one sf¥ed: to snother ; af 
ie “NOT included., in. -a-circuit. outage report? : can, only. be-accomplished: by changing - ck J 
1. Circuit experiencing “the outage _." the-motor ., .’ . Tegan, 
. 2. Geographical locstion ‘of ordginater . , 4& Symbols: for transatesion of weather , “4 
. + 3s Reason for: the: “outage : : . data are contained: “in -the- uppercase a aS 
Ae Expected. tine’ “of- restoration keys-of the bottom.two rows.of the 2 =~ , 
- . weather keyboard 
6-59, As 6 minimus’ requiressnt; “hew- often: should — ’ 
, the facilities: conérol * ‘status bosrd be 6-64. The’ key on the- model 28 teletypevriter 
verified?’ * "6 . oe keyboard. that you depress: to return the 
. 1. Once- every. 12 hours = , carriage when: the transmitting station 
: 2. _Once-every 24-houre ; ‘ : . hae omitted the CAR RET function is the ° 
Pan 48 Heurs. + - : 1. WOe-CR: ; . 
“4. Once. vevery watch. 2 LOCLE. eee ee 
: a tty, 3. BREAK i ; 
: set Sat : 4. RPT * ae , ‘ a 
heating Objective: Recognize the , 665.6 The anode) 28 typing reperforetor differs 
basic principles of: teletypewriter from the auxiliary—typing. reper forator in 
° communications... e. : that the auxilisry typing-reperforstor . . > 
“ - Si : ae 1. wtdlizes a different kind: of typing ae 
cee 7 ae : mechanisn . ‘ 
. : : Ze. produces a different type: cof perforated’ ans 
: tape . ‘ 
. ¢ 3. hae-no Backepace: mechanien f 
a * & hes its own 'sepsrate.motor and # sepa- z 
e : . " ‘ - rate keyer in tte electronic service i: 


‘essenbly ~ 4 
eee 


6-71. wnich ealstyperciee set : does not provide 
capebilities for -transmitcing message?’ 


6-66. 


oe of ‘the, AMOeeaaT es oY. . aN/uGC=49- 
1. Conversion . “2, AN/UGC-SO 2 
_ 2. ‘Perforation ~ * 3. AN/UGC=31 : 
3 Synchronization * 4.. TT 471/UC- c 
To he Stabilization. a6 8 : ; : . 
~~ wo . 6-72. Which. group. of the. "AN/FGC=S9 telecype- ae 
> 6667. Whichof the AN/UGC-49: on-line: modes of | writer set is an operator working. with . #3 
‘ “operation Listed- below, if: any, causes when-he. is- tearing off yepetforated’ tapas,- 
the - typing: ‘Feperforator, ‘character. coun- logging ‘them in, ‘and then placing the o 
ter, “and the transmitter distributor. ree tapes in-a grid on the send. bank? Pah . t = 
“be inoperable?’ : 1. TT=306 7 23 
‘ ‘Ll. ‘Meyboard | ae 2. TT-308 ae os : oe 
2. .Keyboard-Tape . 3. TT-309 %, tae & ; 7 “4 
3. =Tape’ oe 4, TT=310 ; : aaa oes 
4. “Mona, of the above; the: trénsadtter aes “4 x | 
distributor is operable. in. aul mies 6-73. ‘The tranamitter-distributors of the (A. ae ‘ ‘ 
TT-308;" TT-310) group -are: automatic and e 
6-68. Starting from tee extrene, deft ere ‘mar- apply “a sequential channel (3. «number; ; 
a gin with the. selector - avitch in. the.T deaignator) to. each ‘our going message. +; 
”- position, if you type NOW IS THE TIME 1. “A. TE-308;. B. nusber : 
7 .12365 the reddifig on ‘the. character coun- 2.. A. TT-308;"3. -designator a” 
ter will bq 3.°-A. TT-310; 5. nusber : 4 
Y LS ehe Se eG 4. A. TT-3103. B.- ‘designator - af : 
. o 2. 19 aoe ; 
3. 21 . . 6-74. In ‘vhat ofder,. if ‘any, ‘are- outgoing. tapes 3 md 
4. 22 tranemitted by the. send: bank operators? 5 “4 
. I According. to Length; along one, oy ie 8 
‘+ 6-69; Ini order for the TD- “component, of the _ “then-a. short one : ‘ acai aa oe 
" _ AN/UGC-49 to be operable, the-selector ,| 2+ By precedence % ied ss 
; switch must.be in the ET ort position - In-the order received , ae 
a and. 4 None , : : e"\~ 
1. the SZuD- key: must. be depreseed ; ‘ 2 : 
2. the operator must first transait ‘5 6-15. “Which. -group.of the AN/FGC-59 pee ; ‘<a 
o +. $P2cR and 1 LF. by: "keyboard: writer set provides duplicate copies. of - ee 
3. the “BLANK key: mist be depressed two tapes being transmitted. including the. ms | 
- times to set up ‘a receive condition channel cas da of ,each transmission? 5 
a on: the. circuit é 1. TT-306 : . ae 
. 4. the start-stop lever on tha TD’ must . 2.° TT-308 ; 
‘ . be ta the. FREEWHEELING ‘position 3. TT-309 . : : 
° 4. TT-310.-. ° r 
‘6=70; Which of the following functions,will she * ° . . s 
 -18°471/06C perforn? ; 2 .. i. 
\ 1. ‘Provide a. page. copy of messages * : P 
‘ transmitted or received Pe : _! 
f 2. Punch a tape. of incoming bh seages _ 7 7 es Zz : 
+--+. —-3.. .Prepare_tépe! for transmission. . ; 
4, Provide send capability from a = ~ Q 4 
only : e s . i i 
4s £ * 1 
P = 
sé: ek 
2 6 e 
a a 
& 7 
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” 7 oe = ~ + - ~ 
Pa . 7 = * “ = se 
a “5 z, Hee Oo _ _ 4 be ae et Pie eee eater, SS . a 2 Mee “ers . “as 
ne ; : oo? a 6 a 
. , oe nee 2% . : 33 
* > 5 . 7 1. D> Fe 3 
? ‘ >t ee « 4 : 
4 he . tre _ : 
2 me ? % = : 
. eg 4, a °° 
. 17 i : - a 
* 
: ss ; 7 
«’ ~ 
r : a -* . 
. -2 . & F . 
. . ° . * 
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ig ae ae MODIFICATIONS. - ~*~ 
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. adapting this mater fal for, inclusion in, the "trial Iuplenentation ‘ofa, . a 


Model System to Provide Military Gurticulum Materials for Use in Vocational: a ee 
: % . ¢ - ~ me . « : 7 . 
7 and Technical Bducation." Jieleted material involves: ‘extensive use of * Se se eee ON 
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E earning: -hjectives Determine: the- 
. various types. and levels. of equip- 
ment maintenance. : a 


o 


capability ¢ “to, ‘undertake inajor- -overhiaul 
, work? . _s 7 ‘ 
1. Organizational : 2 
2. Intermediate: i 
ha . 3. - Depot. . ‘ 
ee ‘, ‘Tender® 
10-27. . " Matnitenance. dork to .bé ‘accomplished by 
Ped employing. the services-of ‘specialists. 
_ normally does NOT ‘incitide : 
‘le organizational level. maintenance. 
* 2, intermediate level maintenance 
= oy 3. “depot. level -mminteriance 
h.. “edvilian’ ‘yépair maintenance 
6 So eS % * w 8, 
Loacnleg objective: Recognize ‘ 
maintenance. tasks that -are in- 
‘ eluded in preventive. maintenance 


Watch: of. the following: actions would: Not 
be tncluded asia P ouiae -of operator melnte: 
hance? 
x le Cleaning « 
U2. Lubrication - oo, 
Bs Major part replacement 


by, Inspection 


: iat. Fesults tren the degiiae  gisetl ound 
_ tests wand a gareful record: of ‘the per- 
formance data on. each. equipment?’ 
i- Complete elimination of equipment 
‘failure in ‘ships 


a 2 Information. on: the- expenditure. of 
resourees -in- ‘mainteining- sip ‘ Hg 
-- equipment .--~- an —_ om 
3. Tnoreased. operational Headinese in . 


ships 
- schedules in- ships 


In. the; "ZaM: system, the 3-M-stands for 

1. preventive maintenance; ‘corrective 
~mainteiance, ‘and material ‘control .o 

. 2. maintenance, - ‘material control, and 
malfunction repairs . 

3. maintenance, material ‘and: itanagement — . 

4, malfunctions and-material manegement © 


10-31... 


Which are the major components - -of the oe 

3-M, system? ‘ ~ 

‘1, Planned Maintenanée. Subsystem and 

> : man-hour - accounting ‘system. ae ‘ 

: 2. ‘Plenned:. ‘Maintenance Subsystem and 

% shipboard coordinated allowance list 

Maintenance. Data- Collection Subsystem 

, and Planned Maintenance Subsystem 

4, Maintent Data Collection Subsystem _ 
‘and -man-hour accounting systén-— 


10-32. 


Use the following siteratives for items. 


To’ nepecity categories of maintenante 
‘needed for various equipment ‘and 
estimate. the cost incurred in ~per=/- 
forming the maintenarice. tasks. 
3, To- provide information. concerning: 
equipment malfunctions and the : 


4 


’ and the definition, ‘goals: and maintenance that is performed on 4 
. components: of the ae A ae 7 equipment. 
ask 4 ore : h.. To schedule “and describe nainten nce 
7 ey i ‘tusks and list tools and: materi 8, 
* 10-28," That —— of the. overall gonéept« of: needed to perform the: -maintenanc . 
Fe ‘the maintenance: of electronic equipment 7 . 
. “which: consists of checks to determine if 10-33, What is the. fanction | of the Planned | ; 
& equipment is functioning: properly ‘and : ‘Maintenance Subsystem? a - 
visual ‘inspections for damage is referred 7 ' 
to as. . * 10434, What is “che funtion of the: .Mainten ce 
® 1, - scheduled: sasdinteriance : es Requirement Card (MRC)? : > 

2.. preventive ‘maintenance . 10-35. What is: the ,function of the. Mainte ence = 

3. -controlled-maintenance: . Date Collection Subsystem nec! 4 

hk. yard maintenance 

a y od 7 * 49 “64 x ? ‘ ‘ 
, ' 
* is, ; : ; : wf ; : : 
* * . : * * 7 \ 
- ‘, . , q ‘ o 
: ! * : : : 
: —_——— - 2 . oS, 


. 
a be ri - 
ta a 
Gee ~ ~ 
rs 
‘ + 
4 
“ 
* 
* 
3 
« ‘ 
Fi } a % 
: o .: 10-37. 
° 


: = ——— _ 


pasa Objective: Recognize 


‘leaning procedures .and -nethods 


for ‘electronics equipment. ‘and the. 
maintenance needed for air rilters. 


Intémetica for items 10-36 eid. 10-37: 


" You. are-preparing to clean the chassis 


o a.radio: transmitter. 


fou begin: your: cleaning. task by 

i grounding“ the: ‘capacitors with 
length of. copper ‘wire ‘and ruvbing 
all: ‘accessible. contacts: with: emery . 


2. - blowing loose. dust avay: with: a: hand. 
bellows and ‘rubbing - ‘all accessible 
contacts with’ emery: paper 

3. _ turning ° oft the: power switches and. 
* grounding. the capacitors: with- -@: 
shorting” bar 7 


‘4, turning .off-the-power switches -and 


blowing loose dust oad ‘with a ‘hand. 
bellows: . ia e 


What cleaning. gear should you, use to 
clean dust from ‘the chassis: of the trans- 
nitter? 
1. A-high pressure air hose and a ary 
- toothbrush ; 
2. A emp ‘rag: anda: moistened. toothbrush . 
34 A toothbrush- moistened with carbon 
peace and-a hand: ‘bellows 
h, A,smell typewriter cleaning brush 
i a vacuum: cleaner ; 
Tn cleaning & tzansmitter: een a. vacuum 
cleaner, you: find- that the nozzle of. the. 
cleaner !s: hose will. not. reach -sone dust 
‘collected in -an-eres that is “particularly ° 
congested. ‘You. ‘should move the dust to 
“a more accessible area’ arith the aid, of a: 
1. hand bellows: 
2. - small typewriter brush. 


3. rubber tube attached: to a eons 


air line 
hk. ‘steel vire*brush 
What material must. never ve used: to clean’ 
or repeir electronic equipment? 
1. Soap and water 
2. ‘Alcohol or methyl chlorofora 
3... Sandpaper ‘of files ~ 


4, Emery: cloth ‘or steel wool 


- 
q 
a 
. 


a 


o 


0-42. 


10-h2, 
é 


2 


~ 


10-43. 


' 


You should néver Ynderestinate the 

importance-oi even the most minor maintee 

‘ance procedures=-remeaber that the 

majority of. failures to electronic 

equipment aré traceable ‘to 

1. excegsive ‘heating aue td dirty air 
* filters. 

2. excessive siteation resulting from 

dirty shock mounting springs 

3. -overloading: of components due to 

fluctuation: in- power 

‘hy careless soldering ‘techniques and 

- slopEy +2 pabyesnootere practices. 


ry _—s ee oe 


‘Learning (lective: ‘ Recognize the 
care: and preventive- maintenande: 
requirement of teletypewriter, -type- 


writers, mesuptranss and” ara CPOPHONSE: 


a = == a ap 


Preventive dairteaaace actions that an 

operator may carry out on-a teletype- 

writer include 

i. replacing ‘Camaged: parts and lubri= 

- cating” the - -equipsient. 

2. visually “examining - -and- eanuadly 
testing. the- equipment - 

3., visually examining and’ replacing. . 

: damaged: perts. on:the “equipment ey 

"y. making- adjustuents. and replacing 
damaged. parts: ON - the equipment ; 


‘A teletypewriter operating at (A. -60; 
100} words per minute should be lubri- - 
cated.at (B. 2409- “hour; 6- month a 
intervals.” : ; : 

‘1. A. 60; B. 2400 -hour 

2; A. -60; 3. 6 month® 

3.. AS 100; B. ‘2400 -hour 

4. A. 100; B. 6 month. 


‘What emergency: maintenance may the 
operator of a teletypewriter perform 
on -the- equipment? 


“1. Lubricating and replacing damaged. 


parts 

2. Checking ‘connections..at terminal 
boards and checking contact spring 
tension- 

3. Replacing fuses and pilot lamps 

k, naplening. damaged parts 2) 


’ 
4 

y 
Fy 


‘. 
\ 
T 


o t pS a 
e é » 
Ly ee e v . ca . 
: : ——————— 1040. 
. Learning~0bjJ¢ ective: Recognize 


cleaning. procedures -aid-methods. 
for electronics equipment and the 
neintenance needed for- air ‘filters. 


* gt . . rae 


Information for itens , 10-36 ‘and. 10-37: 
: You, are-preparing- to. clean the- chasis . 
- 7 “of a radio: transaitter. : 


“ 10-36. You degin your eleaning- talk vy 
: 1. grounding-the-tapecitors: with a =e 
i ; 2of copper. wire and rupbitig———— 
we te alt ‘accessible agutacts with -enery 
: 7 paper ‘ 


2. ‘blowing loose: ‘aust away with. a hand 
é bellows. -and tabbing all- -accessible 
contacts. with. emery “paper : . ae 
3. turning: off ‘the ‘power switches. and’ . 
grounding ‘the ‘capacitors with-a 
- ; = shorting bar. 


>, h, turning.off the “power switches and 10241, 
* »lowing loose dust - -away with 2 -hand 
° . bellows | aa 
10-37- What cleaning gear should you use to 
cléan:dust froa the chassis of the: trans- 
"+ ..mitter? 
oe 1. ‘A-high pressure air ‘Rose -and ‘a -dry 
P ‘ toothbrush 
e 2 ‘2. A damp rag and a- iotétenea. toothbrush 
ao 9 - 3. w& toothbrush moistened with. carbon 
\ , ‘tetrachloride anda hand bellows .: 
4 ' hk. A small typewriter: cleaning brush. 10-h2, 
ae? and.a- vacuum ‘cleaner - 
: s ~ 10-38. In cleaning.« transmitter “with a Vacuum 
i - Cleaner, you find that, the nozzle- of. the 
eo cleaner's:hose wil} not. reach--some, dust 
eo collected in. an srea. that is particularly 
: ‘ von, congested. You. should:move the dust ‘to 
' . a more. accessible. area with the: aid: of a . 
oy : “1. hand’ bellows: 10-43; 
Pe ene es small. typewriter brush . ’ 
= 3. rubber tube attached: to a compressed ; 
‘ ; air line . ; 
4 ‘ h, -steel wire brush 


» 


‘10-39. What “material must never be used to clean 
, or repair: -electronic equipment? 
: * 1.. Soap.and. water 
: 2. Alcohol or: methyl chloroforia 
i 3.. ‘Sandpaper cr files 
4. Emery cloth or steel woo}: 


a: , 


eo 


e 


You should never underestimate “the 
importance. “Of ‘even the post xinor mainte. 


nance -procedures--remember that the . 


majority- of failures: to. electronic - 

equipment are traceable to : 

l. excessive heating. due to dirty-air 
- filters 

Qe -excessive vibration: resulting. from 
dirty. shock - mounting springs. 

3. overloading ‘of components: aus to - 
fluctuation in-.power . 

uz careless soldering ‘techniques ard 
Maree trots liporing practices . 


Learning Objective: Recognize the ‘ 


, care-and preventive. maintenance 


requirement of: teletypewriter, type- 
MeENer ey Headphones. and: microphonés. 


Preventive: maintenance- actions that an. 

operator may. carry out on a: valeire® 

writer include 

‘s replacing damaged parts and ‘brie 
cating ‘the- equipment 

2. visually examining and: manually 
testing the- equi pment . 

3. visually examining and replacing 
damaged. parts-on the equipment 


“hk, = making - adjustments and. replacing. 


damaged’ “parts on - the- equipment . 


A teletypewriter- operating at (A. -60; 
100): words’ per- minute meee be lubri- 
cated at. (B. 2400 hours 6 wonth ) 
intervals. 

1. A..'603 B. 2400. hour 

2; A. 60; B. 6 month. 

3. A. 100; B..2400-hour 

4, A. 100; By 6 “month. 


What emergency maintenance - “may the 

operator of a. teletypewriter ‘perform 

on the ‘equipment? 

1. Lubricating -and replacing damaged 
parts. 


~2. Checking connections at terminai 


boards and: checking- contact spring. 
tension 

3. Replacing fuses and:pilot lamps 

4, Replacing damaged parts 


\ 


tad wed Oe has ye sey 


1 
ae ee 


7 “10-554 As 


a 
2. 
“3s: 


he 


‘of shock intensity. 


-a rule;. is the criterion 
current, 7 

voltage . . 
resistanc: | . 
inpedance: bs 


10-56. «- it person wid has sufverad a. severe 
‘electric shock -ustaliy shows which: of 
“the following symptoms? ‘ 


Weak: ‘pulse ~ 
“Burns ‘ 
-Convulsions.. 23 ae 
Both 1. and. 2 ‘above 


Safety precautions that electronics 


when they -work with eneraized circuits 


GTO3 Miller, is éleaning a piece ,of 
radio gear’ when he -actidently touches 
a: ground:wire and an energized -power 
deel The intensity of the- resulting 
F P ock ‘knocks Miller unconscious end 
c : 5  Teaiges him to fall across the, cable. ? 
ee — “You. quickly cut off the source of. power 
. z . * ‘tg the cable and pull ‘Miller ‘away from 


: ; : "the equ nes . : 
ee d\peen. unable to cut off the 


If you: ha 
ler: to’ ‘the: cable;, you could 


2 ; source, of 
: have -dragged. itler away from. it by 


10-57. 


rr h, f damp Lise o> 18 of canvas _ 
10-58. What. is ‘the safest and ‘mogt -préferred 
X precautionary. measure to b vaker, before 
a st any work on electronic: circuits? 

an “Deactivate ali pover squrces 
F 2. Strict ‘compliance ‘with ‘procé ures in 
-7 ‘9 the Naval. Ships. Technical ‘Man 

3. A -perscn qualified to-render f st 
‘ aid for -electrical shock. should 
‘standing by Es 
Each. of the above are equally. impor 
tant : “ 


di. 


To- ensure ‘that rubber matting: remains 
ae effective and’ ‘safe for use, it must be 
periodically inspected: and: ‘cleaned. to 
make certain that which of the following 
. properties of the matting “are not 
impaired? 

1. Elastic — 
Capacitive : : 
Dielectric : ' 2 
Conductive ; . . 


10-59. 


' 2 
. 7° 3. 
sk, 

What is the reason all repair -and -mainte~ 


10-60. 
. nance-work on electronic equipment should 


10-62 e 


10-63." 


10-64. 


10-65. 


1." 

“ 2. 
. 3. 
4, 


‘ be completed; only: “by authorized. persons.._ 


Avoid the danger of fire . 
Prevent damage. to materials. ~ - 
Minimize personel injury. : 


Each of the wiere: 


».67- 


maintenance personnel should observe 


‘include ‘all of the following practices 
except that ef 


1. working with one- hand only -as much 
as possible : : 
2. wearing a-rubber -glove on the hand ° e 
“ that is. not holding tools : ri 
3.. ‘keeping metal tools out of the ° 
pockets - of clothing “= ; eS ge 


k, using dry canvas. sheets as insulation 
fron- -ground ‘ 


’ a a 4 


What material should you.use to indulate 
the handles of tools to. be used for work 
on: énergized circuits? , 

1. ‘Friction- tape . 
2, Varnish. or enamel . 
3. Rubber tape 

4. Cotton twine 


. 


All pérts of circuit breakers are 
coriductives | 


= 


The safes’ way to close a pen atch: 
is to 
1. move ‘it ‘rapidly through the: ‘full 


sic: -of its. travel 

eise the e leyer or knob to a posi#ion 
-where safe ‘and. quick . -astion ‘can “ve 
made, and then -make the ‘final - -motion. 
positive and rapid , 

ease it as gently - as possible through 
the full. -arcof its travel ° 
move it ‘rapialy tu the “position 
where it. is ready to click end then ‘ 
‘ease At closed. ‘os gently as possible 


2. 


3 
L. 


u , 


Who has the authoricy to remove a tag 

from & power switch which has been 

locked. open with the following ‘aotation 

‘on it: 

"THIS .CIRCJLT WAS: OREERED "OPEN. AND ‘SHALL 

NOT: BE: CLOBED. EXCEPT BY DIRECT Once OF *~ 
Communications: Watch orticer 

The -person: making, or in charge of 

the repairs 

Communications: Officer 

Commanding: Officer | 


e * aoe . 
’ 
- oy 


eit 0-66." watch safety, precaution should .be 10=71. Which. orgén(s) of: the body is/are likely — 
Pa . observed - when. your work: requires: thet use é to be damaged by: heat. resulting from 
fae - ‘of portable power. tools? m excessive exposure to radiation? ‘ 
re | 1. Make sure that the on/off avitch. ‘YT; Lungs 
. . is in. “the: or position ‘pefore-insert- ‘2. Hyes . ae . ‘ 
- ing-or realoving: the pli: from the »3- Gall bladder 
receptacle, _ i hk. Each of the above 
2. Insert the extension cord into a 
live Péceptacle prior to: connecting Tote. : = tha, danger of- electromagnétic. (ref) 
. , a portable: power tool “inte - thee * radiation. causing the premature firing . 
~ - , extension’ SORES re of’ Fockets- “OF - missiles -and the- -explosion. 
: 3. Alvays. unplug the extension. cord-‘from. heads, VI fuses; etc. is identified 
eer 22 : the: receptacle before the cord .of the 
; . portable ‘power tool. ds: unplugged: ea. e ri HEED (hazards: to: electronic. explosive: 
S from the: ~extension- cord. ne _ + Ordnance) ° - 
: ‘k, Do not use spliced. cables under any Foo. 2. “REZD (radiation. affecting, electronic ff 
condition F oof, explosive erdnance)- ; 
*. ; * ‘ 3. HERO-(hazards.of electromagnetic ©" «" 
BS aie 10-67. A vater ‘compound. cannot be used ‘to clean " -padfation to ordnance) : 
i van © piece of equipment. Which solvent my de RADHAZ ‘(radiation hesards) ’ 2 a 
‘you. use? an eae : ; ; eo c48 
nr oF Gasoline es ~ : ' Use the’ ‘following. alternatives for item eee ae 
2. Benzines 9 ’ "+ :10=738 aos eb a Ee SO 
‘' 3, ‘Ether . ; A. - Trend towarad.1 more: electroexplosive oN eae 
; ay h, ‘Methyl chloroform : om : devices ‘(ems in: a sophisticated ‘ Ug Oe 
. » 4 veapons _ = 
7 19-68. which property of cathode-ray: tubes B.. Drend toverds. ‘more Sectsictans dino vs, 
(CRTg)’ makes, then. extremely “hasardous? 4 mej-ofewar, su ‘ 
1, Cadmium Cc. Trend: towards. higher. sittomat Lor ‘in 
ee Copper *- . ; ao : ship - systems: : 
~ aad - : Ae . 'D. Trend towards higher anounts of. 
/ i. _ Phosphor , . radiated electromagnetic energy 
: ; aie 
. : 10-69. What, type etiergy “tepinging on’ an- “dejeat 10-73. Which trends: combine to form # HERO dangers? : , : 
mas in ab: electromagnetic field constitutes ‘ 1 ASB ey 
wig 1a dDiological hazard? ae 2 A&C : is Pe oy 
1. ‘Absorbed: energy * bs 3. -A&D ' _ Fe 
a . 2.. Penetration of: energy . : 4, BBC 
i | 3. Reflected: eneray ; 7 ‘ ; 
. k, Electromagnetic energy . ‘ ‘10-74. High voltage warning signs. are. ‘posted to . — 
i : > 1. ensure ‘personnel’ safety . = 2. 

, 10-70. Bléctrosiagnetic | energy. fron. a frequency wht see satisty nater{al and aduinistrative “ ‘ 
in- the. microwave region, is extrene inspections ‘ : 
dangerous to -a)-buman ‘veing. “because it i 3. identity pover sources for portable: rl 
causes. his - - tools F : “ 
‘1. internal temperature. to: heat faster 4, eliminate use of guards for warning a 

: than bis ability’ to- dissipate the . ' personnel j a oP 
increase. ° ° Fi : 
: 2 3 . 2. “bone tissues to. break. ‘down: through . F ae ° 
fe _° 4dndiced molectlar vibration — - ns : . 
oa ‘ 3. nerve tissues, to. break down: ‘through ' a a ag ° ae 7 . 
‘9 induced ‘high electrical energy levels ~ : : : $ as 
: 4, body to become ‘part of a ctosed. ~ Lo an) . ; : 
* celectrical circuit: and he ‘is. shocked ‘ ° oe . . Sy or 
‘ ‘ ys . . ; $ 9 . 
7 = 7 rn si « % 1 


a” 


‘atntenanige and. Safety. (continued). 


o 


Textbook pages 310° thrust 348 


" + Leatning- Objective: (continued): 
Deternine safety precautions and 
‘procedures to follow: whén - wotk- 
ing ‘on electrical equipment ,. the 
causes. and: effects-of. electric ; 2. 
shock;, the. hazards presented: by 
electronic. equipment operating: 
at ‘high> frequencies: and the | 
_safety précautions to follow in 
handling cathode tay tubes” and — F 

ae cLenneh: -eléctronic a oe 


a ad 5 


TRS 7 z ee aa 


e: siformation. ‘for ites: et ‘and Al-2: 

Seaman: JONES is a victim of elécttic . 
“shock and. has, no: sheart beat. : 7 Hemost probably 
has’ sufferdd'a ‘cardiac. arrest; There is com- 
plete absence: of. pulse. at ‘the. wrist, Additional- 
ly; -the: pupils: a bis reyes: are very. dilated. 


“ ae 


‘yi. . Unless eiréul, ; tion, is reestablishtil wig 


* in. minites, severe - -brain’ damage 
s al could result. | 
lk. ons * 
2. two 3 vb : s 
7 3. 3 ‘three’ F bad 
¢ . & ‘four: : 7 . 
11-2.  pteenpts -to reestablish. Seaain. JONES' 
circulation. snould first be attempted -by 
\ 
1. ~Spplication: of cardiac massage 
“2. mouth~to-mouth ‘respiration 
: c -arTe-lift . 
-? “back pressure are-lift , oe 
11-3, The method of artificial veuptnacion: that 
’ is-most effective for an individual of 


. any age who, “has ‘stopped breaching is 


1. mouth-to-mouth 

2. are-lift ; 
-3. back-pressure armdift: - ¥ 
4. back- pressure hip-1fee’ 


-’ Assignment. 


Appendixes I through VI 


‘li=-5. 


¢ 
a 


11-6. 


_ tion, what, -action- whould you, take? 
1. 


2: 
3. 


2, 


‘Learning Gietive: : 


Lo 2. 


“Tf. after assuming. that the victin's head <7 
and- jaw -are properly positioned, you 8 
are unable -to obtain air exchange when 
administering. mouth-to-nouth resuscita- a 


Torn. ‘him face down and use the ‘back 
> pres essure are-lift. method —: ae 
Tryjt0. get him: o' ‘qallow- water . 
‘Turn him on his side jand strike -.”", | 
several sharp blows’ between: his) - A e 
shoulder blades: Laman 
aps ; Place’ a cloth over. his ‘mouth and ni A 
» Depath: througk. tt Pi a eee 


. . = 


A victim of électrical shock has been wm . 
removed fron. ‘gontact with the- -electri: P - Faint 
circuit, but, he is unconscious and his’ : ue 
breathing is weak and. irregular. Should Cee ‘ 
he-be given. ‘artificial res}tration: and ‘ 7 
if so,. at approximately what frequency? : 
1. Ne. 2 
Yes; 5. ‘Cimes per minute, - . ae 
Yes; 12 tines: per: minute: : = 
Yes; 15 times per- ‘minute 


3. 
4. 


- ha 


aV ee m * = + 


“Recognize the oe : 
procedures. and extinguishing’ agents: ae 
to use to fight electrfoal Hxet : F ° 


The first thing. tires aifggia: 40 is to 
close all- doors An, ‘the “space ‘2 F . 
turn: ‘off | ail: blowers fn the space . 
deenergizé.the equipsient Anvolved in , 8 
the fire:  % ae 7 

4. ‘wecure the ‘ventilation to the space o 
You: ‘send ‘MILLER. to. spread the alarm. In, 
spreading. the’ alara, ‘to’ ‘whom should ay ; 
MILLER ‘report the fire. first. ; ai gl en 
1. Commanding officer, . ae we FS 
Senior damage controlman \ i x 


3 "00D. . ao ok 


: 4, x0; ° bd 2 e * ar « 7 ” 


oe xy : 
; - % 7 7 Rr - = — 2 a 
: - , +3 
ll ‘ + : 
ao . a + 
aad : 11-8. As: iMiuige ‘Leaves: =to. -epréead the alata: you 
74 : -quiékly ‘grab the - nearest portable: ‘carbon’. 


‘dioxide fire’ ‘extinguisher.~ The extin= 
suisher is sattpyed with a squaazegrip 


~ operation *by. “ Weg 
de “holding” “4c terect oe mechanism” © 
"Le Oe down): ‘ani ‘equeesing . the hand - -grip 
. - 2. holding: de: ‘erect -(valve:mechanion: 
Sup): -and: ‘Feaving. the “valve Locking . 
. pin : 
36 laying it. vith: its cide ‘down. on the: : 
ih, ave: deck.and reaoving. ‘the. -valve locking 
¢ es pin , 
4s laying it with its. ‘side - down’ on ‘the.- 
ao “deck and: squeezing: the® ‘handgrip. 


AN 


pll-9. which! of the: ‘following: types of fite- 
fighting’ equipment - is best ‘against © ; 
electrical fires?:« a ee ; vl 
as ‘Fog, appiiéator . : _ a 9 . ‘ 
“* 2, Foam. applicator i: 
3; Carbon dioxide’ (C05) extinguisher 
oa 4. Fire ‘hose Oo as 
1-10. You-direct the :flow of carbon. adoxtde 
4 from: the extingiisher o_ “thesfire ce 
"<  at a podat located.» cay 
; as .aboye the tips-of ithe highest flame. 
2. .at the tips of. the flames — 
_ de An: phe aiddle’of: ‘the ‘flames 
: “an” at the base of the. flames. me 


ll-11. Why is there a hazard to- sities wher 
-* using. large quantities; of carbon dioxide : 
to fight a. fire: in a: confined: space?” ; 
1. CO, is poisonous in large: concentra~" 
- tions ‘ 
i 2. C02 displaces air (with its life ‘ 
e supporting - oxygen) from. the ‘space 
vf 3. CO, t becomes: explosive in,’ ‘large ,con= 
a - centrations: ’ 
iH 4. Og. charges into deadly: carbon: 
nh monoxide (co) ‘under high. tempera- 
‘i ; ture conditions : £0 


Me 
* t . 


LEGEND .. 


11-12, , If carbon dioxide fails, to control -an © . + 
“4 os % @lectrical fire, you should. apply- -, _ HEAD. AND. neon 2 = 
“1. -a stream of water directed-at the {ANTERIOR TRUNK “18: 
we “ - 5 base of the fire ‘ - . - , [POSTERIOR TRUNK . 18 
or / a stream of-water directed at ;the et ee 
. 9 upper part. of the. flames ft 3 ARMS i 7 , ' 18 (9%2) : 
= ‘3+ - fresh: ee fog oT @ LEGS eG 36 (18-%2) 1 : 
+; '« eni = weg, 
tee ere eo ‘S, GENITALIA ANO .. ee 
, - a“, PERINEUM ; re a 
ral i - ‘ aie: | - ‘ . : 
’ " ae Figure 11A.--Computing body surface ao ; 
a 2S ‘ : , 28 : fs * ‘ 7 € . 
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11-15. 


From ,the extent of their injuries, whion | 


te »- -Snipy HINT: ae your textbook states, the 
ae principal, factor in. determining the seri+ - can you expect to-go. “into: ‘shock? . 
dushess. of a burn’ is..the extent of body,area- ; we i. POINDEXTER anid’“ANDERSON - - tee 
burned. ae estimate, the amount of skin.area ain- v 2. ANDERSON. ‘and STEIN, 2 
“wolved, u v& the "rule. Of nines" illustrated_in. . ¢ 33 STEIN ‘and: LAINE * ‘ og 
. “figure® lia. In such: calculations, you: ‘often have. “4, ANDERSON and: LAINE fo “4 : 
to estimate: thé: percentages, of :partial areas 1 in- ‘ ~ 3 
‘volved. For, exanple,. a a victim-:has: -birns cover- 11~16. . Unless ‘adequate medical treatment is - 
ing: ‘the- front: ‘of, this. entire left ‘leg. as well. as - rendered, whose life is endangered py his © 
his: ecomath ‘and the tont of his left arm-and ~~ - burns? : 
hand. ‘You. would? “estimate the ‘total-surface-ares a ‘POINDEXTER's’ : ~~ 
‘burned dn, the: ‘fohlowing*vay:, a 7 at ~ 3 26 ANDERSON's: sat . 
ee oe “1B. Salt ae OS, - 3, STEIN's. ? - 
“Front “oti of entire; left. deg 2 m. Be . 4s” LAINE" 's: —_ 7 . 
Stomach, approximately = ox > or 4 11-17. Which cdntaity has’ firat ‘degtee burns?, 
eer = a ler POINDEXTER . . 
Front only. 0 of left arn: atidhaind. = A «. ry we: vo 2. ‘ANDERSON . “eg 8 oe 
"+ =) 3, STEIN . af eS 
: ‘Approximate toral- tax fay he LAINE on , yy 
' ee My ‘ ‘ se da 8 
toa shourd: renenber- ‘that estimates, nade. accord-. . ‘u-18. ‘tintch ée the’ ‘following castvalties would 
ing to. the rule. of - ‘nines. are. only. rough: _approxi- . _probably expérience - the most pain? 
mations=<you:do not’: need’ exact ‘percentages - -of - POINDEXTER - ‘and STEIN™ 
skin areas, ’purned “int order ‘to -give: ‘first-aid ‘for . . “ANDERSON and LAINE: © * 
: burns:. The. Tule éf nines ‘is. presented: ‘here: only = STEIN. and LAINE 
- asa general: guideline to ‘yse in- estimating the 4. -ANDERSON and STEIN: 
severity of burns. v ; 
- 11-19., LAINE ‘inforns you that ‘his Sorda are not . 
‘3: Infoxmation - for ‘itens. 1i=13 through 11-27: /painful, Is this absence of pain unusual? 
, ~ “You are ‘first ‘to arrive at the. scene of 1. Yes; this. degree. of burn alwiys : 


€ 


a fire.. ‘You find.the following’ casualties: 
POINDEXTER, whose right hand and- ‘forearm are 
reddened and blistered. ANDERSON, ; whose entire : 

left leg exhibits: symptoms of increased warath, ° 
tenderness:..and a reddish appearance. STEIN, 

whose face;, rieck, ‘and® both hands ds: ‘Completely - 
«destroyed : ‘and the underlying. rissue is black. 3H, 
“> LAINE, - whose: -burn-‘on-his right’, leg ‘from ‘the. knee cas 

down is: characterized by complete destruction of - 

the ‘skin, with charring and contans of the. see 

er tissues. Se 


ji-i3. Using ‘the rule ‘of ‘nines, calcelaterthe ‘ 
approximate. extent of : each cagualty!s 
s+ * burns. - 7 
° 1. POINDEXTER 6x, ANDERSON 9%. ‘ 
” “STEIN 15%, ‘KAINE' 18%, 


Re “POINDEXTER 12 1/2%, * ‘AnDERSON 15%5 
STEIN. 18%,. LAINE 12 
3. POINDEXTER 9%, ANDERSON 242,. oo 
. STEIN .29%, LAINE“10%,- 
ae 4. POIRDEXTER 4 1/2%, ANDERSON: 182, © 
STEIN 22 /2%, LAINE, 72 a 
Vi~14, Which: casualty do ‘you consider, the most ° % 
seriously. burned? F ‘ 
1. - POINDEXTER : ‘ ae 
2. ANDERSON ' eg ye . 
3. STEN HT 2 4 
» , 4 


LAINE . > o* 48 


7 


« 


causes severe pain 


2. this degree-of pain: usially ‘ 


2. Nos 
destroys sensory» nerve. ,endings 
/ 3. Yes; -this, degree of ‘burn ‘wsually 


6° involves highly sensitive muscle 
tissue $ 2 

, No; this- degree of burn produces. 
severe shock Mbich- eliminates pain’ 


a v @. 
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oe treatment. c 
a ae : _ burns e2e available ‘for your - ‘use. 


, ql-20. 


. ki 
aeet 


Yor Atens i120: Lnedogh 11526; assume 


as _ thaé’ ‘the services” “of medical personnel 
_ cannot be obtained within. the. next four, “hours, 
= You. are’ "te administer: ‘the’ 


necessary firet aid 
. for treating. 


All: itens: nece 


Your “wai taske’,in -siving. firet aia to, 
the casualt 


re 
e Le. prevent: i fect {ons}. reiieve. pain. 


anid prevent:.or ‘treat: shock - 
-relieve-pain,. immobilize the 
< burned, “areas, : ‘and, apply’ matieapesce 
‘ ‘to: the-burns. | 


. 


F 2. 


3., prevent shock, open - ‘blisters. aad 
apply-vet antiseptic dressings: to. 
the -burne 

4. remove ‘foreign materials from the | 


_burns, sapply: “hot moist -packs to the 
burns;"‘and’ prevent intastiona . 


As an emergency teasure; what: treatnent 
may you give POINDEXTER, ‘ANDERSON: and =~ 
LAINE to. lessen the -damaging effects of 
their- burria?. 

1. I reing their “burned: extremities 
in: warm salt water 

Wrapping the burned. areas ‘in a ary 
‘sheet 


3.° Applying. a. thin. coating. of butter 
, to the burned areas. . 
‘ Soaking ‘the. burned: dress in ice: 


Pe es 


Water 


* ' 


What is: the: principe dacgi. ‘from ‘STEIN'a- 
. burns? - 


1. Infection ‘ ; 

2. Blood.poisoning °% ae 
3. Hetiorrhage mos, , — 
4. Shosk +” o 


. 


In ‘creating STEIN for*shock,/ what excep- 
tion should you make to. thd, general pro- 
cedure. of shock treatment?’ ' ° 

1. ‘Keeping -him: cool” . Ms 
zoe ohne him liquids bywouth’ 

. Plac ing: him in, a ‘sitting position 
Givieg his. VA, grain of morphine ., 


* 


i 
” You. can nalp. to prevent infaction of: 
__ STEIN's burns by = 3 Ve 


‘lew we ring a: mask and-using sterile | 
te, hiniques -as auch as “possible at 
2. wedring rubber gloves and, applying: 
" rantiseptics to the burns.’ out 
3. ‘applying compresses, ‘eoaked. with os 
. ° dodine to the sburns: < 
- 4. applying a thick coating of bacitra- 


ein to the ‘burns! ° 


ef 
ms 


11-25. 


11 


11-27. 


11-28. 


11-29. 


the- dressing das ‘to - . 
keep. -the.-dréssing. wet -with. a.solution™ “ 


> 1.” 


4. 


1 
te 
. 


As. 4 , dreseing for STRIN's burns, You 
apply. é 3 Po ¢ 


1. sterile. petrolatum gauze covered in 
; turn: by. ‘fluffs of gauze and arge . 
‘ee ‘padded’ dvessing -_ 
(2. dodine“and ‘s@al the. burns: vith 

: ‘ adhesive tape “4 . ee 
3. -a.wet ‘antiseptic compress covered a 
With-a large sterile dressing 6 TP ays 

4, aterile absorbent cotton held in ~ 


place iby a thin: ‘sterile bandage 
fter you drese ‘STEIN'S ‘burns, the cor= 
t precaution ‘you., should take Regarding: 


go 


1. 
of zephiran chloride oat © ote 7 
2. remove the- dressing forva period. of ; 
30 minutes. every -two hours . 
3. -see ‘that ‘the dreasing is undisturbed ; ‘. 
until medical assistance arrives: - 8 
4. apply. a fresh dressing: ‘every : hour’. ‘ 


art 


Which: ak the ‘following treatments ‘should 
you: have given ‘STEIN. had you. expected 


pea res assistance-within, two | hours?. ° 
" Applying petrolatum , to- the: buras‘on ae 
"vide face and: tieck and iuaersing his, : 
arms. in icewater - gee 
2. Covering the ‘burned: areas with a a 
sterile wrapping - and creating: him Te 
. for shock. im 
3. Cleaning the burned ‘areas: with soap J 
and water: ‘and applying sterile: dry 
gauze. dressing : 
4. Leaving fhe, burned areis o open: and 
‘ary. and ‘treating: him for “shock . . so 
‘Before. giving iorphine to relieve a 
burned: patient's pain, you should make, ’ 
certain: that ‘he. is free of , ae ' 
1s’ ‘internal injuries : "ys 
2s, head injuries 7 “e 4 
3 -severe ‘bleeding . cos : 
4. ‘broken bones ~- i ‘ 


The correct firat aid=procedure eeuaeds 
ing foreign material ‘that is adhering 
to-a severely burned ‘area is to 


remove it carefully, using sterile . 
- technique a ares 
2. soak it loose with warn salt’ water ~ 
3. cleanse the area with soap and water ee 
leave it alone Z 4 
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7 = ar 
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core 11-30. ae first aid: treatment for a thermal ~ 41-32. hat tuo controls of the récéiver are. * : a 

: Shura: of ‘the-aye, you. Put into thé eye - located on. line BG of figure- 11B? ° ° ys 

ot _ a few drops of - 1. Break in-switch-and function switch . =, Ss 

? Sao olive oil ‘or. clean: mineral ‘oil 2. -Aadio response~ control and zero : “ 

' - 2. clean. wloeral oil‘or'diluted =, oot adjust control ° : ae 

= eee . "v . 3. Audio response. control and break | os KS r 3 

ror ye 3S dilaeed vinegar or warm: salt water : ‘ewitch <4 ae 

: a 4a vare salt°water-or “boric acid . 4 BFO switch and: Zero adjust control. . at 

a es = of 11-33. Close to the frequency. indteator dial os ts ise 

a ae, on line ‘DI of figure 113. are. the. two ‘ ae ve 

oh ‘thegratag: Objective: ‘acoinies controls: of ‘the receiver named: ses 

ae Pea ‘the’ location. of the controls on. is local gain control and RF gain : 

© Be Fe _the front panel and the: operating = ‘ control ae a Shy 

my procedure ‘for the: representative ; 22 dial lock and zero-adjust control - ae 
‘radio receivers ‘Beasca/um, = 3. dial lock and°RF gain control’ Pe tae 

: ‘ 4. zero. adjyse ‘and Local gain ‘control . Bete 

i : . 11-34. Where are: the ‘#r0 pitch, local gain, RF ay en a 

LINE: LEVEL, . = ‘CARRIER - LEVEL gain-and function -controls located, in * : , 

7, : ‘METER: , | €igure 11B? - a, 

oa 1. BF pitch. ‘and, local gain controls on ; . 

. line -CH, RF gain and “function controls ~ se] 

‘ on line EJ. ae : Fa 


2. Function and RF gain. controls on‘? 
line CH, local gsin arid BFO pitch : 

. Controls on line EJ’ | -_ a 

3. B¥FO ‘pitch and function -controls on, ‘ . 
- line CM, local gdin-end ‘RF .gein ~ * 
‘ . controls on line EJ : ce 
A ' 4. RF gain and function. controls: on 4 

line EJ, local gain and, BFO pitch 
ae ‘ “ controls on ‘Line ca. : Pi 


11-35. To energize the filament steply voltages 
without. supplying: plate. supply. voltages 
to the tubes at the receiver, you. ‘set , 
the > a. 


. ° =-Le function icc to its MDC. position 2 
, . 2. furiction-switch ‘to its STANDBY. : 
“" weGacyeLe position 
, SWITCH: as 3. break in switch to its:ON position 
; i ded a ; ‘CHANGE ee -4, FO switch to its ON position ve ‘ 
‘ 7 Figure 11B.--Diagram of the front panel of = . ro ° ‘ 
See the B-390A/URR radio ‘receiver. ; . ‘ " 
2 
“8 1-3. Which controls are located along line . z a OS 4 
oe AY of figure: 1B? ; % : ‘ 
cs Line ‘meter. control, line gain con-. a ° ‘ ; m, 
je el trol, antenna ‘trimmer ‘ ‘control, break- ' ‘ ° rs 
- .. * ia switch, aad. audio, Fesponse . : 2 jn 
Tg control « © , : . 
4 2. Line meter control, line ‘gain con- - om . : - 2" 
ae ‘.trol,, antenna trimer control, AGC, . : ; z ey : 
’ . and limiter ‘control : ‘ ; 
: 3. Line meter control, antesina: trimer : > &. 7 ‘ 


f control, function switch, limiter 
P control, and dial. lock 
-b. Limiter control, ASC, dial lock, 


or line gain control, and function - 
‘ : neces ; 
ae : 
pe os ; ‘ 2 
. : 
‘ 9 bs 7 
7 a 
: : 


. ERI % ‘ * = : 
gig : ; 


gee . * 
és 2 x . 


Aaa c: * ee Z * 


i ° > a ‘ iad 
. € ~ . FS 
- 6 ‘Information for items 11-36 and 41-37: . «711-42. What are typical settings: of. the lisiter 
- You-are ‘preparing to verify that the -a” control i£ you are. monitoring voice 
reading: of ;the: tuning dial corresponds to the; , ‘signals and fak>modulated. signals res= 
‘feequency, received. by ‘the. R-390A/URR radio. . : pectively?: : at 
.' “Ll. ‘Voice .atid- fek, 2.or 3. a 
11=36. To. which of ‘the: following: frequaacies may = 2.. Voice 2 or 3, fak 8- Es 9 4° 
you tune-the. receiver in.order ‘to ‘sali~ : 32 Voice 8 or-9, fek 2 or. 3 
brate “40? ‘ ah. ae 4. Voice and’ £sk,. 8-or-9 
° “400° gz . - . 4 : 
2. 728 ‘kKHe 7 11-43. which meters. of the ‘receiver help you 
3. 750: kHz ° : os din. making tape cecordings (TR) » in > 
4. 777 kiz , fe + gSdjuating the antenna trismer (AT), and 
‘ ‘ 7. ‘in ‘tuning to the exact frequency: that | 
41+37.. You activate the table crystal oscil- . —~ gives: the strongest signal (T)? 
later thet supplies the calibrating Ls ‘Carrier level meter: (TR) ai line 
signal to the receiver by. : level eter (T) can 
ms "eatting the function awitch to its 2. ‘Carrier level meter (AT) (1); line : 
CAL position * level: meter. (TR) 
‘ i turning the BFO. switch to” ite oN 3.,, Line level meter (TR). an), cateler 
, position | : 7 : level meter (T)-: . 
- > *. 9, setting the function ‘witch to its . 4. Ling level meter. (TR) (1), carrier: i 
: MGC -position . is eh og Js level meter (a ). ; 
‘ & . setting the BFO switch to its. ON . & 4 : : 
' . position and the BFO- patch control” : ee eee , a Oe 7 


‘to, ite +2: position: : ase 
- Learning Objective: Recognize ' 
the uses, «functions. -and charac- ~ * 


. 


cs < a 


. ~ teristics. of the Converter ” 
In iteas 11338 “through 1-40, select from Comparator Group AN/URA=176. 
column.B the “control of the .R-390A/URR. teceiver 7 
that causes the ‘action ia column, A. . aye 
; : “11-44, The AN/URA=17° is capable of how many 
2 -_ACTIONS : 3B. CONTROLS . separate. modes of operations? 
‘ 1. One; diversity Pe 
11-38. Adjusting the tuned 1. Local gain. : 2. -One; single receiver: 
; gircuits -of the r-f . 3; Two; dual receiver and diversity 
* portion to charge the .2. ‘Break 2 4a ‘4. Two; single receiver and: diversity- : 
1 ‘selectivity of" ‘the : : : 
a Tenet, : 3. Bandwidth . (11+45. What aspect of converter operation is 
: “KC: ° "es most important to achieve good comuni~' 
11-39. Controlling the level ‘ ® cations? 
: of the output to the ‘4. Antenna “+ 1. Allowing at. least 10 minutes for the 
‘phone: jack. ; trim : equipment to warm up < 
ao, —: * 2. Adjust controls in rear o: equip- 
11-40. Activating circuits” Pes , ; ment : 
‘that allow the receiver 3. Proper tuning of! the receiver feed- 
to be used:with « ‘ ‘ ing: the converter 
transmitter. ; 2 a: 7 be Study visual presentation of signal 
. <o : on oscilloscope \ 
~ . eee .* ; . * . 
11-41. You adjust the level. of the audio out- p ; _* a 
put used to operate terminal’ equipment . < aan 
by adjusting the front panel control 7 
. labeled 9 ‘ 
‘ 1. line gain. > . . ‘ 
2. local gain - ‘ 2 ee . _ 
y de RF gain: , : 4 a os 
. 4. audio response ‘ ; 3 is = 
7 : 


Ee 
Sy 


WANN 


: - : - Figure i1c.—-Diagtaa of monitor: -oscillo-= . 


a “scope. patterns for frequency- : . we 4 
r) ; Rane res shift “Converters. .. e : mS est 
: . es : (1. 239. 3 revised). Bp “y a 2 Ts : ; 
11-46. Which scope. -patterd: -of Pigeré “AcII-1 ti- ‘11-51. Which Eecape- sequence moves the cursor Cee ; 
lustrstes a. eoevect tuned signal? : ' up, one: aanet e i fy em 
1 1 - So ee - 1. ° ESCO : g a 
[2.. 2end3 ee eee “12, Esci “es % fc 
an i. and 4 . oS ‘ Ph . : te3e ; ESC 7 : . : art na *y 
4, 4 “4 : * . 4. ESCB - ° ‘ 2 
i ° : o 2 “ ¢ 
11+47,. The function contral switch of the AN/ oan 
:  URA-17. ‘converter je.in'the: = 3 : 
‘ position, if the input, #Lgaal- ‘from: the a Learning: eoeseacivsil. Racognize the | ae 
‘teletype printer As. emoved. ; . * ?€unctdon of the Digital Data Distor= - uot ue 
: 1. SINGLE . ar 5 ae ae ee tion Test ‘Set anfome-389(0) « : . an! 
‘2.6 TOME. he Tae : : bats . 7 
3. ‘DIVERSITY ©. = | & ig 2 e. a aaa is » ‘ 
, 4. DUAL. . a 11-52.. Which Signal gonérstor switch selects ‘ uo 
a oe ee , : the signal pattern? ° . i 
11-48, The (A. POLARITY: FURCTION) switch of «1. CODE -LEVEL os 
the AN/URA-17 should be adjusted to the 2.. CHARACTER RELEASE 
(8. WORMAL ; REVERSE) position if the . 3. we 
‘teletype printer is :garbling. © - . . 6.) oureor °° an 
1. A. POLARITY; B. WORMAL . . = , . =~, Q 
2. <A. POLARITY; B: REVERSE 11-53. The signal lamp of the signal gasaracee: A *g 
_ 3. As: FUNCTION; -B: NORMAL - . ‘glows continuously whenever the signal oN 
= 4. A. FUNCTION; B. REVERSE | “ ® is: sta a ~ 
oe ° F 1. -mark level . 
i eer aa a = : + 2 steady-mark =‘ 
. ae 3.- space level- ; ; ° 
Learning - Objeceivar Determine the ‘ oar 4 sateady space : . 
functions and. controls ‘Of the ASCII ¥ S64 
. code. and:how they spply to Wedel 40 11-54. What: ‘type of maintenance can'sn operstor 
4 data terminals. . a : perform on signal ..generator equipment? 
: : ” 1. Preventive maintenance 
“ epee 7 : . 7 2 Replacement of the lamps and fuses 
11-49. Why was the ASCII Codu developed? . 3.- Replace tubes". s 
1. Accomplish data. tranemissions — ; - & Esch of the above - : : 
2. Provide for additional syabols ' 
3. Furnish parity checking 11-55. Which ststenent ts TRUE regerding opers- = = 
f “Each of the sboye — oo, , , tion’ of: the. Analyzer-Oscilloscope? ; ed 
> . 7 “1, The FOCUS control displays Digital xo. 
11-50. Which ASCII .control displays. the syabol Waveform F 
io. and moves the cursor - to start of .. ° 2. The ‘Oscilloscope’ is capable of . 
‘next line, and. causes -printer- to _print wessuring - distortion + ¢ 
o next charscter. st: @eSee of next line? - - 3. Separate operstion of the oscillo~ ‘ ", 
1. wr ‘ 9 . scope is not recomsended = : 
123 ML : a 4. The CRT selects synchronizing signels 
3. LF “yo - ran for. oscilloscope oweep 3 
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“11=56. °Which control of the Ansiyzer ‘ealacie 
‘band rate: from 37.5 té.4800.0f anrersal 


Lasratsig. ‘Gbjeeeive: 
meaning of OPATatiG. signals. 


V 


“tdentity the 


iy 


° 


os 


11-63, * What operating. signal would ‘be- sind: to 
request. information- 700 a date. tine sroupt 


time. base? ° 1, Z1I-1 - F 
‘1. RATE switch. 2. , 21-2 .: 
- °2..: TIME BASE. switch . - ‘3. ZOK. : 
,« 3,. -INPUT ‘ewitch, ‘ 45 2 : 
vk, POLARITE: switch. . ‘ 


2: - ~ a oe a 


ame Leatitdg: Bieives Identify. DSSCS 
sacriaech aienele: ; “ee 


a. F 


“41-64. 
.. ; mesaage format: indicating the etart of ' 
* text? 4° : , 


In items 11-57: > thesiagh a61,. select from- column 
3B the operating: signal -which serves the pufpose 
described in. colin AY 


’ : * 7 oe * 


zro 


Which  ofacattag ‘signal, is part of ‘the m8 


Po 


+ Ae: acs B. Operating signals 2 : 
; i ‘ ~ ° 11-65. Which Operating. signal is weed: on those 
11-57. Receiving: aarhiee 1.. Z¥e €1) ‘Qy .* _ cmendages requiriag: computer - processing? 
. 4 traffic. — . ; Ts 2P0 . 
a. ‘ 2. ZAR. (1) @\ P 2, 2N2-1 ; 
11-58. This ie-my ee . 3. ZCA- \ : 
second request. 3. 23K (1), (2). 4. - ZYH ; 
11-59. Message=-not 4. ZEC (1) (2) 11-66. The: uss of ‘which eperactng. aiguat must 
received. . be ldmitad to conditions of urgency? 
: 1. 22K: , . 
11-60. Receiving neseage .2; 22S 
. Clear. 3. “ZYH 
; > MI. 
11-61. Meseage unidenti- .- . 
: fied, give amplifying 7 : . 7 
data. . » s , ey, ra 
— : . ; : . 
11-62: Which operating signai would.most Likely - “ 
. be used. if a message is -bedag pasesd for : ey 7 
comment? . 
1. ZA , cs . i 
2. QRK-5 2 x ~ : 
« 3. ZFH-3 = - o 
4. ZFI ' . . ; 
: at : 
- - ‘ x. 
. 8 ™ "A . ‘ 
: 
a => o 
_ . - 
é ‘ : . 
oy ; 
a @ 
16 og 


“personnel of the ‘United: States: ‘Navy-anid:] Naval Reserve whose duties. require | 
‘them: to havea Anowledge: of. the. fundamentals - of communications, The* 
‘+. primary objective of this Raie Training Manual: and: Nonresident Career - -: 
*: ‘Course (RTM/NRCC) is to:enhance the degree of effectiveness and quality: of. 
"- communications. oe | ; . 


‘ This Rate. Training. Mariual and: Nonresident Career-Course provides. a 
ee suitimatization of .the various functions.of communications and: the: processes 
that. support these. functions. The opening. chapters ‘provide: general : 
information coricerning-the-CTO rating, security and organization: This; is aoe 


se 


. g a 
e - : “4 
; . / : 
- 
. + .t + at - 

Soe PREFACE + ’ 
oe 3 : ee 2% ; a 
a The Communication Technician O 3. & 2, is, written for. enlisted 


~ followed *by:a:study:o of communication theory Which inclides a discussion of 
modulation, the: frequency spectrunt, communication links, transmissién 


reader since message: traffic flow is: ‘dapendent upon. the: quality of Circuits 
: and equipments, provided. ; : , 


: You. will noté a ‘broad- area of. this ad ‘desuribes message preparation 
‘and fortnats. Although: large. numbers: of messages are processed: transmittéd. 
© + and received via sophisticated automated: equipments, the key: to the system. 
is‘the care with: ‘which you prepare-the inessage. 8 
& “e : 
4 : .The concluding chapters cover the mission of each NAVSECGRU ; 
cofimunication division: and. a. number of standard practices dealing with 
ene ‘maintenance and safety. . ‘ : 
. The subject..matter presented- in egch apter’is supported by references . 
to ‘Publications and directives: that provide: more specific information. 


° Those: who | work in comimunications know how frequently - procedures 
and piiblicatiosis change. This Rate Training Manual and Nonresident Career 
Course was up to daté ‘when published, and ix will, from time to time; be 
revised. Between revisions some: obsolescence is unavoidable. For this reason 

> it_is suggested that you use official communication. publications as much as 
possible. i in-your study for. advastcement and refresher. training. 


. Designed for individual study .and: not’ formal classtoom instruction, the 


‘RTM provides subject matter that relates directly -to the occupational 
Bases icauons of the ce ae Technician Oo rating. The NRCC 
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° . systems, and. wave ‘propagation. This. coverage will’ be very helpful to the a 
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ue " provides. the. usual way of: satisfying the requirements for completing the 
RTM. The set. of assignments in the NRCC includes-learning objectives and 
supporting items designed to'lead: students: ‘through:the RTM. = + 
s 7 § 
‘This: training 1 manual and. noriresident: career ‘course -was prepared by the , 
Naval ‘Technicei Training Center, ‘Corry Station, Pensacola, Florida, for the ° 
Chief of Naval ‘Education and T: raining. Technical assistance’ was provided by 
, the Headquarters; - -Naval. Security. Group’ Conimand ‘and the Naval’Education 
* and Training Program. Development: Center, Pensacola. .s 
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UNITEDSTATES ; 


: GOVERNMENT PRINTING OFFICE 4 oa 
WASHINGTON, D.C.:1975 . 


THE UNITED STATES NAVY | 
GUARDIAN. OF OUR COUNTRY. 


The United States:Navy is responsible for maintaining control of the sea 
andisa ready: force on watch at home and overseas, capable of. Strong 
action to. ‘preserve the. peace.or of. instant offensive action: to win in war. 


itis upon: the. maintenance e-of: this control that our country’ s glorious 
future. depends; the United: States’ Navy. exists to make it so.' 


° 


WE : SERVE WITH HONOR 


“Tradition, valor, and victory. are the Navy's heritage from the past. To. 
these may be added de‘lication, discipline, and vigilance as the-wa ‘watchwords 
of. the present and the future. © 


At home or on distant stations we serve with pride,-confident in the respect’ 
of our: country, our shipmates, and’ our. families. 


Our: ‘responsibilities sober us; our. adversities’ atbngtnen us. 


“> Service to aac is.our special privilege. We serve with honor. 


‘ THs J F 


“THE FUTURE-OF_THE N. NAVY 


The. Navy will always employ. new ‘weapons, jew techniques;~and. 
. greater _power.to protect and defend:the United States on the sea, under 
the sea, and in the air. : oa 


a ‘ . Qo.% 
Now and in the future, control of the;sea gives the United States-her 
greatest advantage ‘for the maintenance of. peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are’the keynotes of’ 

othe new. Navy. The roots of the Navy-lie in a strong belief. in the 
future, in-continued dedication: ‘to our tasks, and.in refiection.on our 
heritage from:the past. 7 


+ Never have our opportunities and our responsibilities been greater. 
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Evefy riaval command afleat. and.ashore is: 


“ assignéd a-mission and supporting tasks'that. ‘may - 


vary from.combat operations to Support. of the 
fi ighting forces. In each -case the:communication 
requirements of the command: are derived: trom | 
its mission and tasks. 


In order to ensure maximum contabution to | 


_ the mission of the command, the communicator 
sh ould 2plossess van _ understanding’ | of: the 
communication facilities whé uses. 

Communication equipment today is becoming | 
increasingly more complex and, alth ough you 
- willndt-be Tequired. to. qualify asa a’specialist i in’ 


__ electronics, y ou- mu should: ‘be, “familiar ~ with: the ~ we 


- Communication ‘methods, principles - of! 
‘operation, and the limitations: and: capabilities. of . 
‘selected systems used in communicating 
"between distant points.’ ; 
The objective of this chapter is to present 
_ certain, basic concepts in. communications in 
. which the. communicator should be, at a 
minimum, aware a and‘ convessant. The subject of 
communication theory: and. the functioning of. 
‘specifi c. types of equipment. will -be discussed 
later in this-manual. The information presented 
_ in. ‘this. chapter will .provide a -basis 
understaiiding these subjects. : 
‘TELECOMMUNICATIONS 


* a 


ae “The: ‘term. -telecommunication. sefers_ to __ 


communication: over a distance and includes any 
transmission, emission, or reception of signs, 
‘signals, writings, images, and’ sounds; or 
intelligence of any nature by visual means, oral 
means, wire radio,.or other electromagnetic 
systems, Telecommunications used in the Navy 
are of three types: electrical, visual and sound. 


IC : 


for, 
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CHAPTER §° a 


| COMMUNICATION BASICS 


+ 


ELECTRICAL. 


t . _ 4 = Pa 
The ineans of communicating electrically are 
by. radio and wire. The former uses 
electromagnetic waves jiot guided by. a physical 
~ path between sendér ‘and receiver, whereas wire 
“uses, electromagne tic waves carried by, 
electrical: conductors, that connect the sending 


_ and receiving equipments: 


radio. communication. 


Radio is the. Navy’s . most important 
effective means by which -the activities of 
widespread naval forces can be continuously 
_ coordinated. .* ‘ 


2 


v 


te na my a ete. Se es —_ 


* Radloteleraph 


Radiotelegraph (continuous wave or CW 
_ telegraphy) is a-system for transmitting signals 
> by using a wave of radiofrequency, (r-f) energy. 
The radio operator separates the continuously 
transmitted wave into-dots and dashes, -based on 
the Morse code, by opening and ‘closing a 
_ telegraphic: handkey. aa! 

Radio: telegraphy was the first means of 
of military and 
commercial importance. Although there have 
been many advances in the field-of radio since 
Marconi succeeded in sending his first “wireless” 
message, radiotelegraphy still is used as a meais 


, of communication to, from, and among widely. * 


separated units of the Navy. 

The relatively slow, speed of transmission 
and the requirement for many experienced 
operators are -the -major disadvantages ,o 
radiotelegraph. The main advantage is reliability. . 
The need for a thinking person at both sending * 
and receiving stations provides a degree of 


_ intelligibility not. present in automated systems. 
igibility | utomated syste 
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Radiotelephone . 27 oo eetnmunications “across . ocean: “areas, ” the. : 
teletypewritér unit is equipped with arkeyboard>: 
Radiotelephone is one of the most useful similar to a.typewriter. When ‘the ee “4 
‘military communication methods. Because of-its' presses a key, .a- sequence of signals is’, ‘ 
, directness, . convenience, and ease of operation, transmitted. At receiving stations, the signals: are. 
. " radiotelephone is used by ships, aircraft, and fed into terminal equipments — that - ‘type the: 
_ shoré’ ‘stations for ‘ship-to-shore, shore-to-ship, message- automatically: a 
ship- to-ship, air-toship, . ‘ship-to-air, and The ‘RATT mode of sianaraiation recestltt i 
: air-to-ground. communications, Modern modes is rapidly becoming more efficient and reliable . 
of operation inake it possible to communicate for communications between ships and | 
‘around the world by radiotelephone. One of the ship-to-shore. Additionally, all ships-so equipped 
most important uses of radiotelephone jis. copy fleet broadcast “messages,” on 
short+range tactical communications. Its _radioteletypewriters,. The ‘speed of: cléaring 
capability of transmitting. voice signals enables message traffic.on Tadioteletype circuits.dépends. 
the responsible officer to talk. directly: with the on the equipment in use. Normal speed -of 
officer in tactical command and with other operation is 100 words per minute, but may - be , 
_ ships. Little delay. results while.:a message’ is ' faster or slower. The: ‘use of RATT has. brought |»: 0 
prepared for transmission, and about a considerable saving in manpower. ie 
- acknowledgements. can .be -retumed: instantly. ; . a 
‘ Radiotelephone equipment ‘for ‘tactical . use. Facsimile are 
_cusually * is operated: ‘ On: iffequencies that are high ; 
enough to-have line-of-sight characteristics; that Facsimile (FAX) is: the process used : to, 
~—_ts, the-waves-do not-follow-the-curvature-of the — transmit photographs, charts, arid-other- sraphig— 
: earth. -These charactetistics limit the usual range information electronically, The’ image to be -- 
‘ of ' ‘radictelephone- from 20 to 48 miles. trahsmitted is scanned by a ph otoelectric ‘cell, *: 
* Radiotelephone procedure can be learned easily and electrical variations. in the’ cell. output, - 
‘by persons with’ no other training in corresponding to the light and. dark’ ‘areas. being | 
" coramunications. : ‘scanned, ‘are transmitted to- the, receiver, At ‘the 
Radiotelephone also tie disadvan tages: receiver, the signal operates “a: recorder that. 
' Transmissions may bé unreadable becaus¢ of — reproduces. the picture. The: FAX: signals may be 
Static, enemy interference; or’ high local’ noise transmitted either by: ‘Jandline, or radio. - 
‘level caused. ‘by shouts, gunfin ire,:and bomb or Facsimile transmissions suffer. -distortion \’ 
shell. bursts. Wave. propagation characteristics of . ‘from all of the common sources of? interference’ a 
radiotelephone frequencies sometimes are _ experienced with, ordinary: radiotelégraph and. 
unpredictable, and transmissions may. be heard radioteletypewriter. However, certain 
from great distances. Most radiotelephone characteristics of: facsimile transmission -make it 
messages are in plain language, and. if less. susceptible to-complete ldss' of intelligence. 
information is to be ‘kept from the enemy, users” For example, a picture will. be , downgraded by . 
must keep their messages short, stick to the any. noise bursts, since facsimile recording is a 


a 


proper procedures, and. be. careful ad what they continuous recording: of signals coming from a P 
Rept bee a oe a : : . . Teceiver. ‘However,. because. , the: machine scans’ 
; : a material.at’ ‘the iate “of approxiniately 100: ‘lines ~ : 
Teisiy pevelise per inch, each line, is onily 1/100th of an inch. 


; ee ; high. Therefore, if a noise burst interfers with 

4 Teletypewriter (TTY). signals may be the signal, ‘it will.distort a line only 1/ 100th ‘of 
: : transmitted by either landline (wire), cable, or an inch ‘high, leaving :the image still, readable. 3 
radio. The landline TTY is utilized both by the Under similar circumstances on a conventional oe 
: military sérvices and by commercial circuit (teletype), such distortion could causé a * 
: communication companies. Radiotelety pewriter portion of the page copy to be. iinreadabie, : 
(RATT), either single- or multi-channel, is used Facsimile transmission is no' intended to be 

mainly for high “speed automatic: a placement for, teletypewriter, ‘and ' other 
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generally employed methods of tris missions 
‘father, it is an important. supplement. to rapid 


% communication, providing a:méeans of handling 


by rapid communication methods. og 


es . 
z 3 ° “VISUAL - & _ 
+ fre, ~ 
* , 


oo 


‘ee ™, _preferred ‘means for communicating: ‘at short 
ee, ‘ pange;; weather conditions -permitting. In 
reliability. .and convenience, visual 


under: “certain * circumstances are more secure 
ee thari radio. For examples. omnidirectional tadio 
i .. | > transmissions :may be. intercepted. by, many 
to, undesired listeners, whereas: unidirectional. visual 
» signaling is ‘limited a those: paca along the 

"line of. sight. ‘ a7 


: * Visual signaling systettis include flaghoist, 


* 
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ete a COMMUNICATIONS TECHNICIAN: o 3 &2 
.certain,ty pes of graphic and pictorial intelligence 


> Visual éccirnndciions: are. » -genktally the - 


‘communications: often are. -the’ equal: of. radio:and. 


*. # 
i * 4 


"Flashing Light, 


Flashing - light is a a visual telegraphic system 
that utilizes visible or infrared light beams;, it 


"+ may, be directional or nonditectional. 


_ A directional flashing: light. is- pointed and 
trained, SO as: ‘to -be-visible:-only “by the: addressee 
of the < ‘message. This’ method makes.use of 
installed: “signal searchlights, on which the. 
operator opens and ‘closes the: ‘light shutter to 
form dots arid® dashes, afd portable lights, in 
which the source of light is switched:on and off. 
to form the: Mone. code characterg, 


Non directional (omnidirectional) lights. are 
located. above the superstructure ‘on ‘the 
yardarm. Because the. light beams are visible i in. 
every direction from the ship, ‘this method: of' 
commuhicating. Ys‘suiitable ‘for: messages: ‘destined 
for preset: ‘addressees. 


\ 


rt 


4 


- flashing, light, and ne Ln’ time of war, , flushing * light 
% Sovamnurilestions carried on. after dark-usually  , 
. " Flaghoist a utilize infrared-beams that are-not visible unless 
io viewed through: a special receiver. As 4 general. . 
The ‘Navy uses = Hngrou Signaling Ttnly-to—tuler infrared isthe moet-seqare-ricans-oF “visual ——— 


. convey: tactical and informational. messages of . 


_* - reasonable length “during daylight -between ships 
5 . that are in close company. Flaghoist is 
considered one., of the best. ways to ensure 

. uniform “execution: ‘of maneuvers: In- signaling. by 
: ' flaghoist the U. S. Navy and allied navies use. 

: international’ -alphabet flags,. numeral pennants, 


and four repeaters, plus a:set ‘of special meaning — 


flags. and: perinants, and ‘ten. numeral flags that 
are not part of the international. system, 


. , particular meanings; and almost all Hoists: are 
’ » coded signals. ; > 


signaling distance in daytime. It normaily is the 
primary tactical _ maneuvering methiod ‘of 
transmission between. siirface™ ‘units "whenever: 


-by‘the addressee, thus providing a sure check.on 
the ‘accuracy of reception. Texts of messages 


limited by. meanings contained in the signal 
books émployed. ° 


- 
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Each : 


flag and: pennant has-a.name;' various flags have _letters, numerals, and special Signs. 


Flaghoist ddpiting is ‘the ers rapid and | 
accurate visual: method when .ships are within “_ 


visibility conditions permit. Signals are Tepeated: 
_ methods. When radio. 


which may be conveyed directly by flaghoist are — 


communications. Directional infrared uses the . 


_ standard signal searchlights fitted with ‘special 


filters. For omnidirectional signaling, yardarms 
are.- fitted: with infrared blinker lamps. 


Semaphore . me 

Sernaphore. is: a’ ‘communication medium iby 
which ‘a. ‘signdlman with-two ‘hand flags, moves 
his arms througti various positions to Tepresent 


~# 
4 


Semaphore and flashing light can ‘be used 


; dn terchangeably - for many purposes, but:.. . 
‘semaphore is more rapid for short distance ©, 


transmission in: clear daylight and’ may be used 


~ 
? 


to send messages - to-several addresses at once if 


they: are in suitable positions. ‘Because of its 


speed; , semaphore. is._better. adapted to the 


sending of long messages tian are’ other ‘visual: 
Silence is imposed, 
semaphore is the best “substi: ute for handling 
administrative traffic. Tt is more secure than a 
light ‘or radio. becausé: there is less chance for 


_ interception by unauthorized. ae 


64. 


_PYROTECHNICS 


‘SOUND | 


Sound. communication systems include 


whistles.. sirens, ‘bells, and acoustics. The first.. 
three are used'- by ships for transmission. of 
-emergency warning:signals-such.as air.raid alerts,. 


for navigational .signals: “prescribed by’ the Rules 
of the Road; and sin wartime 
communications :between ships in convoy. 


Provision is made in many ,search sonar 
(underwater sound) equipments to- ‘permit their 
use for CW transmission. The term acoustic 
vommunications, however, usually pertains ‘to an 


' underwater -sonar ‘communication equipment 


ae Sea Talk. Sea Talk. (frequently referred to 

- Gertrude) may. ‘be used for either 
pidiotelemhone -or CW «communications. The 
range of transmission’ varies with the condition 
of the sea:and.the relative noise output of the 
ship. . Under the most favorable conditions, 
-communications may take ‘place between ships 
at ranges in.the vicinity of 12 000 yards 


Pyrotechnics for signaling -aré, . for the most 
part, 
sources are colored - shell -bursts (parachute 
. flares), aircraft parachute~ -flares, roman, candles, 
and float-type flares. 

The meaning of-a: pyrotechnic signal. depends 
of the color instead. of the type of pyrotechnic 
émployed. 

The authorized ‘use of pyrotechnics for 
communications is, in general, limited ‘to 
emergency signals. 


_ RADIO-FREQUENCY SPECTRUM: 
The rapid growth in the quantity and 


‘complexity of 
equipments and the increased internatiorial 


__ requirements. for radio: frequencies have placed 


“unprecedentéd demniands~ upon-—the- radio. ... 
srequency spectrum. These demands include. 


such service applications as communications 
(fixed, mobile, broadcast, space); location and 
ranging (radar, - peacons, radio-navigation); 
identification; standard time and . frequency 


for‘ 


of the “fireworks” variety. Common. 


communication-iectronics - 
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. transmissions; and: industrial, medical Cando ofier 


scientific uses. 


The need: for worldwide regulation and. 
conservation ‘of this limited resource is easily. 
recognized. Therefore, frequency regulations 
exist on an international as well as a national 
and agency level. 

The International Telecommunications 
Union (ITU); functions as the principle 
regulating body for radio communications all 


over the world. It establishes and promulgates 


“the international allocation ‘of, and regulations 
for the use of,. the radio frequency spectrum. 


These regulatioris have treaty status and, upon 


- adoption by a country, becomé the law of the 


land. Each nation regulates its own stations 


within the broad limits set by international 


agreement. . 

In thé. United States, the basis for U. S. 
frequency management is derived from the 
Communications Act of 1934 as amended. 
Under this act, the Federal Communications 
Commission (FCC) is responsible: to Congress for 
regulating frequency use by U.S. 
non-Goverriment, activities and the President is 
agencies. The President has 
control of. radio frequency resources used by 
Goverment ‘agencies to: the Director of 
Telecommunications Management under the 


‘Office of Emergency Planning. 


The allocation, assignment, and protection 
of all frequencies used by any component.of the 
Navy are the résponsibility of 
COMNAVTELCOMM. Detailed execution of the 
responsibility . is. vested in a 
inanagement office, organizationally within the 
Naval .Telecommunications Command. 


. Authority for any use of the radio frequency 


spectrum must be ‘obtained . from 


COMNAVTELCOMM, 
- FREQUENCY BANDS 


_In_1967, the’U. S. Navy adopted the term 
Hertz to designate units of fréquency *per 
second. If a frequency was formerly 10 cycles 
per second, it is now referred to as 10 Hertz 
(Hz). Because units of radio-frequencies become 


so large numerically, they are counted in terms 
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frequency- 


” 


responsible for~repulating—use~-by Federal —~--— oe 
-Government 
‘ delegated the authority for assignment and 
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‘of cheteanids millions, ‘billions and trillions of 
Hertz, using appropriate ,prefixes ‘from the 
‘metric system: kilo, mega, giga, and: tera. The 
latter two, giga and tera, as yet have. limited 
application in naval communications, A 
Kilohertz is 1 thousand Hertz and is abbreviated 
‘kHz; a megahertz is. | million Hertz, abbreviated 
MHz, and.so on. A frequency of 15,000 Hertz, 
for example, is expressed us 15 .kHz. ‘When the 
number of kilohertz becomes -too large, 
megahertz are substituted to- simplify: the figure. 
Thus, 82,000 kHz is expressed as’ 82 MHz and:so 
on. . ‘ fos 
Frequencies are divided ‘into eight bands as 


, Shown ‘in TABLE 5-1. The propagation of radio 


waves varies widely at different frequencies 


throughout the radio spectrum. as will be 


explained in Chapter 7. This provides. a.choice of 
frequencies best suited for various types of 
communications as discussed in ‘the following 
paragraphs. ea 


poe MIL LF- F-COMMURFATIONS. + - 


The ‘pace of, progress and world 


develop. ments— political, r “geographical. 
.technological and military—have broadened tlic 
Navy’s commitments for communications to 


ee 


Table 5-1.—Radio Frequency Spectrum 


FREQUENCY 


_ dictated an -urgent 


__ DESCRIPTION | 


a a 


cover the face of the earth. New sea fronticd to 


the north have opened:a four-million square: -nile 
ice-covered ocean of. strategic importance. The 
requirement: for positive control of U.S. Navy 
-forces operating. in new and expanded areas has 
need for _. additional 
communication capacity, range, and reliability 
for the Navy’s command responsibilities. This 


_ need has been confirmed through fleet exercises 


The need; has been particularly great in the 
North Atlantic, and the newly opened Arctic 
Ocean. High frequency circuits which are subject 


to numerous ‘outages from: auroral and: polar. 


disturbances prevented reliable communications 
from previously existing U. S. Naval Radio 
Stations. Very low frequency (VLF) 
transmissions provide a highly reliable path for. 
communications in these northem latitudes, as 
well as over and under all oceans and.seas of the 
world. VLF traffic reached a peak in the early 
twenties when it was the only means of long 
distance wireless communications. After. this 
_period,. ‘many commercial VLF stations were 
abandoned in favor of high frequency. (HF), due 
partly to the lower cost of HF equipment. At. 
present, :practically all VLF transmitters are used 
for fleet communications or navigation. [n this 
connection, the U. S. Navy has been using VLF 
. ° 


A 


3 0GHz-30 0GHz extremely high frequency 

3GHz~3 0GHz super high feequsncy SHF 

300MHz~3GHz ultra high ieeiueney 7 UHF 
3 OMHz~3 0OMHz: very high frequency VHF 

3MHz~-30MHz high frequency HF 

300kHz=3MHz = | medium frequency ~ 

30kHz~300 kHz low frequency ~ 

3kH2~30kHz 


‘very low frequency 
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for-general broadcasting to ships at:sea ‘for many 
decades, The dependability of reception is such 
that no confirmation: of the. received message is 
‘ normatly required. 


Recent history has shown .an increase of all 
radio. traffic ‘and this is especially ‘true of VLF,. 
Such -an increase may be expected: again, not 
only for naval communications, but -for 
communications to lar, 
and as.a-backup to short wave communications 
blacked out by nuclear activity. The. strong 
reliance placed; on VLF by the world’s ‘navies 
for crucial. communications is good evidence of 
VLF reliability ‘during hostilities. 

2 Secoridary applications of the VLF range 
include: the worldwide transmission -Of standard 


frequency and time signals. The requirement for 


eo 


numbers of- satellites: 


« low geographical 


' transmissions within the- 


the distribution of standard frequency and-time | 


signals with. uc jiighest accuracy over ‘long 
distances has become incieasingly. important in 
many fields of science. It is essential for the 
tracking of space vehicles,. worldwide clock 
sy,nchronization and oscillator 
_ jntemational. compafisons of atomic -frequenc 


standards, radio_ navigational: aids, astronomy, 
national standardizing laboratories, and 
communication systems. © ~~ 

. Experiments over the last few years have 
shown the benefits of VLF for the broadcast of 


° 


calibration,. 


\ 


standard. time and frequency signals with more> 


than adequate precision for the operation of 
synchronous crypto devices; decoding devices 
and single sideband transmissions. 


LF COMMUNICATION 


The low-frequency -band. occupies only a 
very small ‘part of the radio frequency spectrum. 
Nevertheless, :this small band: of frequencies has 
been used for communication ‘since the advent 

_ of radio. Although the historical significance of 

’ the-low frequency bahd.is welli known, the great 
extent of present usage of this band is not 
generally appreciated. 

Inthe history of radio communications, the 
low-frequency transmitting installations of the 

‘pioneering ¢ra were characterized by their large 


—physical.size and by their high construction and, 


maintenance. costs. Moreover, ‘then; -as--now. 
* signal reception at low frequencies-was seriously 


2 
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- possible communications 
"40 


. developments as they: 


hampered-by--atmospheric. noise, particularly at 
latitudes. In addition the 
increasing demand for radio communications 
soon resulted in serous congestion of 
development of the 
high frequency “beamed” systems. About 1924, 
it was found that the high: frequencies offered an 
attractive ‘solution to” mafiy long-distance. 
communication: problems, and the use of ‘the 
low frequencies became considered as 
outmoded. Nevertheless, propagation factors 
peculiar to the jow-frequency ‘band have resulted: 
in-their continued: use for radio.communication.. 
In particular, the reception of 10W frequency 
waves is not:so seriously affected during periods 
of ionospheric 
communications ‘at the high frequencies is 
disrupted. Because of ‘this, there is -a-particular 
interest in the application ‘of low frequencies. at 
northem latitudes. Since. the initialuse of radio 
for communication purposes, considerable - 
advances have been -made in improving both the 
efficiency. and the quality of communications by 
‘the application of.communications' theory, radio 
wave propagation studies, and. new techniques. 
—The-Navyrequirement to. provide the’ best 


* 


‘operate on 
constant research to 
capabilities 


all frequency bands, engage-in 
improve _ its. existing 


become operationally 
reliable (proven systems). - es 
In: the past the Fleet Broadcast System 
provided ships at.sea with low frequency-(LF) 
cornmunications. via-CW telegraph transmissions. 
As - technology advanced, the system was 
converted “to single channel radio <letype 
‘transmissions. Today” LF communication also 
operates as a Segment of the Fleet ‘Multichannel 


Broaticast System’ providing eight channels of . 


Frequency Division Multiplex teletype traffic on 
each transmission. : : 
Mr COMMUNICATION: 

The medium frequency ‘band 
of the radio. frequency spectrum. 
to 3 MHz. Included in. this 


from 300 kHu 
rangé are - the 


International Distress, frequency 500 kHz (to 
monitor) and | epproyimately 484 kHz to 


respond from sliore’stations-(Coast-Guard). - 


o 


disturbance ° when * 


and, utilize new systems .and © 


covers the-part. 


mi 


to the fleet requires it~ ne 


set for these emergency frequencies; ‘when at 
sea, the receiver is continuously monitored and 
the transmitter is “usually in the standby 
position. Ashore, the receiver arid transmitter 


and -rescue. organizations, which are. -generally 
located near the-coast. 

_ There are. occasions when the 500 kHz 
frequency is used. for calling another* station. 


this frequency , it is sometimes convenient (when, 
‘the sender does. not know what other:frequency 
the receiver is monitoring) to ‘send.a short 
message stating what frequency the, receiver. 
should tum to. for: further: communications. The 
only restriction. is that. no-calJ-up transmissions. 


and.45-48 minutes past. the hour, every hour of 
“the day, These periods of time are commonly 
referred to as silentperiods. and are required by 
law to -permit the frequency to be clear ofall 
"_but.emergency: communication. 
Only the upper ahd lower ends of ‘the: MF 
band have. naval use because-of the commercial 
broadcast band extending from 525. to 1605 


band (300 to 500 kHz) are used primazily for 
ground wave transmission for moderately long 
distances over water and moderate to short 
, distances over land. Transmission, in. the: upper 


miles), reliable, point to;point circuits, ° ° 
HF COMMUNICATIONS . 


* The Navy began using high frequencies. for 
radio communications around World War I-when 
a few communication systems: were Operated:on. . 
frequencies near 3 MHz. In view of the extensive 
pvesent day use of high frequencies for long» 
distance communications, it seems curious now 
that those Navy systems ‘were intended, for very 

"short range communications, of a:few miles; The 
general belief at the time was that " frequericies 
above 1.5-MHz.-were useless for communication 
purposes.. - * 

One_of ‘the prominent features, of high 
‘frequency Jong-distance communication: is the 
varizble nature of the propagation. medium. 
Successful transmission. of HF a a over long” 


(<) 


ERIC 


JA Fuirtoxt Provided by ERIC 


& 


_ 
¢ 


Every as has.a. receiver and sa-transmitter - 
configuration is usually. affiliated. with séarch | 


Since all Navy and Merchant ships-‘must: monitor . 


are permitted. during the periods 15-18 minutes . 


kHz. ‘Frequencies:in the lower portion: ‘of the MF * 


MF ‘band is generally limited-to.short haul (490: 


Point-to-Point Cojamunications: 


links -betWween- fixed 
‘Sufficient reai estate is acquired at the terminals 


COMMUNICATIONS. TECHNICIAN 0] 3 & 2 


disiantes is. dependent upon: refraction. of radio 

waves by layers:of thie ionosphere, discussed‘in 
Chapter 7. The height and density of these _ 
layers,. forthed’ primarily: ~by ultraviolet radiation. 
from the sun, vary significantly with the time of 


day, season of the year, and: the eleven. year . 
_ cycle of- sunspot activity. Because of these 
‘variations, -it is generally necessary to use more ~ 


than a single. frequency, sometimes up to four or 
* five, to maintain communications on a circuit. 
In- spite: of thie difficulties: encountered with 


‘HF propagation, the. economic and. technical 


advantages of using high frequenciesshave ted to 
rapid. expansion of the’ use of the HF band. 
Ultimately, as.the number of users. increased, use 
of the HF spectrum approached saturati6n.. 


The HF band is shared by many users, both .° 


foreign’ “and domestic, and only portions 
scattered throughout the band are allocated to . 


the fhilitary services, ‘In common with other : 


ageriGies, Navy requirements have grown so ds to 
severely tax.the capacity of the Navy’ s-assigned 
portion of the -HF ‘spectrum. The: use ‘of 


~~ single-sideband équipment and. the application © 
of independent 


sideband techniques have 
increased the capacity, but not. enough. to catch 
up with the demand. Some predict that satellite, 
communications (discussed. -in. Chapter 6) will’ 
eventually relieve congestion:in- the HF band.and 
that, for some‘types of-service, it will replace- HF 
for long-distance- communications. Nevertheless, 
it: appears that ‘the HF ‘spectrum: will: continue’ to 
bei in.-high demand for some time. 

Naval communications within the HF band 
can tbe grouped into four general types of — 
services: point-to- -point, ship-to-shore, 
ground-to-air,. and fleet:bro»dcast. Some of these« 
services involve ships and aircraft which’ present 
special problems because of their physical 
characteristics and mobility. Generally, the less 
than optimum HF performarice of these:mobile 
terminals is at least partially offset? ‘by. powerful 
transmitters and: sénsitive perenne systems. at 


? 


‘the shore’ ica 


ae 


Point-to-point.systems are those established. 
to communicate over long-distance trunks or. 
terminals. Generally, 


tee Oe 


a 


Yo 


kg é 


_ 


“ 


" example, . a 


_case, 


to aasciitk the, ise of large, high gain antennas, 


aimed at opposite terminals of each link. This 


‘susceptibility of a. circuit to 
fixed, -accommodation of. the. other propagation 
variables ‘is :-simplified and. highly reliable 
communications can be achieved. 


Ship-to-Shore Communications. 


This application of the HF. band is more 


‘difficult than the point-to-point. case, since one 


terrainab, the ship, is mobile. In this case the 
path length. and direction are variable. At the 


_ ship terminal thé limited space and other 


restrictions. prohibit. installation of large, 
efficient HF antennas. Because “of ‘the mobility. 
of ships, shipboard-antennas are designed to bé 
as nearly omnidirectional as possible. — 

- The-constraints are ‘not asisevere-at the. shore 


tefminal where there is'sufficient space. for-more , 


efficient™ omnidirectional antennas or arrays. 


‘designed for area coverage. Moreover, at the 


shore terminal.a rotatable, high-gain antenna or 
one.of the fixed point-to-point antennas may be 
used under. appropriate circumstasices. For 
rhombic ‘antenna. may serve 
admirably for long-haul ship- -to-shore 
communications when the ship is at.a- distance 


such that its operating area is within the . 


coverage of the anténna at that-distance.... 
Several. frequencies are usually assigned for 


. .€ach circuit so that the best frequency can ‘be 
_. chosen, for the. propagation path conditions, 
; between the shore terminal and the ship’s 


location. * + gk tl 


Ground-to-Air Communications 


The application of’ HF ‘radio to 
communications ‘between the. ground and. 
airborne aircraft, i is *similar to the ship-to-shore 
except the aircraft. terminal changes 
position. much. more rapidly than. does a ship. 
Transmitter, power . -and -antenna restrictions 
imposed ‘by , the airframe design. limit  -the 


-effectiveness. of the airborne HF radio. terminal. 


All major circuit improvements -must be made 
by the application of ‘suitable techniques at the 


ad s y 


ancreases the effective, radiated power and the — 
‘ysensitivity of the receiving system, and-it also- 
_ teduces : 
interference, With. the -path fength and direction . 


- 
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ground tenminal. For example. higher powered 
transmitters, lower noise receiving :installations, , 
and more efficient antennas can be useé on the 
ground. 


"2 


Fleet Broadcasts - 


_As the name implies, this type of service 


* involves broadcast ‘area coverage from shoie 


« 


based. transmitters to ships at. Sea. Messages 
addressed to-a ship in a designated broadcast 
area are delivered by various means to the 
appropriate fleet broadcast station where they 
are broadcast for pickup by the ships. To 
overcome the: propagation difficulties, the same 
information is broadcast simultaneously on ~ 
several frequencies. That is, most fleet 
broadcasts are frequency-diversity transmissions 


providing .the terminal to*choose the’ best 


frequency: for. the path conditions at the time. 


VHF AND ABOVE 

Frequencies above 30 imegahertz . are not 
normally refracted :by ‘the ionosphere, nor is 
ground wave range appreciable; hence, service is 
confined to distances approximately within the 
line of sight. A signifi cant exception to this 
general ‘principle is the -increased range ‘made 
possible through the employment “of 
tropospheric scatter techniques. Forward 
propagation by tropospheric scatter (FPTS) 
(discussed in more detail later in thls chapter) 
has proven feasible up to several thousand 
megahertz. Certain atmospheric and. ionospheric 
conditions can. also cause normal line of sight” 


range to be extended at times. Frequencies at 


the lower end of this band are capable of 
overcoming the shielding effects of hills and 
structures to some degree but-as the frequency: ‘is. 
incréased the shielding effect becomes morc 
pronounced. Reception is notably tree’ from 
atmospheric and man-made static. The V-HF and 
UFH bands are known as “ine of sight” 
transmission bands. That jis to say, the 
transmitting antenna is in a direct line with the 
receiving. antenna; it is not over the horizon. Th 
“line of sight” characteristic makes the bands 
ideal for utilizing the VHF for amphibious 
opetations (beach Janding from sea craft) and. 
the UHF for tactical voice transmissions 


oa fe 
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, (manéuvering of ships. traveling together). The seeminals but not einidtancoutly: All may = a 4 
' ‘SHF band is used for radar and satellite receive concurrently, but only one may send Sta : 
H communications whereas.the EHF bandiis in the time. e 3 2s 
experimental stage and-not in active, use ‘by the nn» % — - ; ae: 
Navy. Half Duplex (HDX) - , , 2, 8 
i ‘ ‘ 
ea _ A . unidirectional “flow of information 
F COMMUNICATIONLINKS between terminals. Technical arrangements may. 
: : permit transmission: in either direction, but. not 
A A complex of links -forms a major simultanéously. This term ‘then, must be » oy 
‘ communications system. The Naval . qualified to’show S/O (send only), R/O (receive | 4 
a Communication System js broken down into only); S/R (send oPreceive): , 
e /°  twogroups: strategic anid tactical. ‘ i 
, . “Strategic communications are geierally Semi-duplex. (SDX) +" sa . : 
global in:nature and-are operated-On.acommon | “e = z 
A. technical. _ afrangement. wherein one ae 


a 


st 


* 


a 
@ 


|: 


A 


user’ or special-purpose: basis. While a strategic 
system. may be confined: within.a- specified .area 
or limited to a specific type of traffic, the 
configuration..is such that, inter-operation with 
other strategic systems is :possible when desired 
or. required. For Sxampre, Autovon, Autodin 


and DSSCS. 


Tactical communications “usually are jimitéd 


to a,specific. area of operations. ‘and are uséd to 
direct or report.the.movement.of. specific-forces. 
Some tactical nets ‘are utilized. only for 
operational traffic;. others may bé used for 
-operational and administrative. traffic. For. 
instance, the task force and:-task group nets and 


- air control nets. ‘Ordinarily .are employed for 


operational’ traffic. Ship- -to-shore nets:: and 


’ broadcast nets-can serve both: types-of- traffic. 


MODES:OF'OPERATION 


. Communication links have numerous modes 
of -operation. In this discussion, modes of 
operation can be identified’ as a ‘link or path 
between two or more points, capable of 
providing one or .more channels for the 
transmission -of intelligence. The five most 
prominent modes of operations ° plus their 
standard abbreviations. are as follows: Simplex 
(SX), ‘Half Duplex (HDX), Semiduplex (SDX), 
Duplex (FDX), and. proudest! (BCST).: 


Simplex (SX)- 


A singé channel or frequency used to 
exchange information between. two or .more 


eo a 


terminal is simplex-configured and-the other full’ 
duplex using. two channéls or frequencies. A : 
clarifying example would be a ship with only 
one , keybbard/printer or one CoMSEe 
device terminated full duplex with” a 
NAVCOMMSTA. 1S a ee 


& 


% 


‘A method of operation ‘in which © 
telecommunications between stations may take,’ 
Place simultaneously in both directions. The 


; “Duplex (FDX) 


“térm = “full’ duplex” is synonymous with ‘ | 
“duplex.” : eS 

9 OO ‘ 
Broadcast (BCST ) 


° ¢ ’ ‘ 


Broadcast is that type of operation ins which 
one’ station emits information, on .one or: amore 
channels;. which. may be received by more than 

one station and/or unit. There is no provision - 
_for receipt or reply in a broadcast system; 
“however, special. arrangements. may require reply t, 
at a later time ‘by. other. means. Broadcasts are 
the primary’ means of delivering message traffic 
to the fleet. Units cépying a: broadcast are not 
required to receipt for messages received and can 
therefore ' maintain , radio’ silence while still 
‘receiving essential traffic. ‘ 

There are three ways‘in-which radio trafficis a 
‘sent to the “teat? broadcast, intercept, and 
receipt. The first’two are ‘do not answer” 9 
methods, while the third, as its name implies,. 


fequires a receipt from: the addressee (addee) for : 
_ each message. Broadcast and intercept methods a 
e % 4 
716 ’ 


. 


; o.? 4 < 
\ 4 : \ 


allow ‘the Neet to preserve tadio-silence. which is 


a great ddvantage from the standpoint of 
security. By the intercept inethod, a shore radio 
Station .transmhs messages to another shore 
station which repeats them back. Ships anteret 
dnd copy all traffic. "4 

Broadcast is preferable to intercept sitiediy 
because it is faster. It is. the method by whieh 
nearly all ‘fleet traftio is handled, and_it utilizes 
all. four systems of radio commiunications: 

radiotetegraph, _radio-telephone, 
tadio-telety pewriter, and facsimile. 

There is‘some similarity between civilian and 
naval broadcasts, Just as-commercial stations in 
the broadcast band transinit -Programs to -radio 
receivers in the homes .in their communities, 
‘Navy communication Stations broadcast 
messages“*to fleet units. 4n_ their particular 
geographic areas. The férm' “broadcast,” in fact, 
Originated ih naval communications. 

The resemblance ‘ between Navy and 

commercial stations ‘ceases here; however. 
Information broadcast -by-naval. communications 
stations ‘is contained in chronologically 
numbesed messages addressed to-the ships. The 
messages are copied by the fleet units, which 
check the senial - numbers ‘to -ensure- that they 
“have a:complete file. 
_" Fitet broadcasts follow regular schedules. 
Messdges are placéd.on the schedules in order of 
precedence. If a message of‘higher precedence is 
given to a transmitter 
lower-precedence’ message:.is being transmitted, 
the latter message, ‘may be interrupted to 
transinit the message ‘of higher precedence. 


station while a. 
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departments and other defense activities. In 
_essence the DCS combines into a single system 
those elements that make up the Navy‘s Naval 
Communications ‘System, the Army's 
STARC OMM, and thé Air Force’s AIRCOM. 

The, switched networks discussed in’ this 
secon. AUTOVON, AUTOSEVOCOM, 
AUTODIN and DSSCS, are part of the DCS, -and, 
‘are managed ‘by the Defense Communications 
Agency (DCA). These DCS Switched ‘Networks . 
sliould not be confused with the HICOM: (High - 
Coinmatid) «and NORATS (Navy Operational. 
Radio and Telephone 
mentioned later in this section which support 


_ only designated Nav, requirements. 


Automatic Voice Network ( AUTOVON) 


«© The DCS AUTOVON offers rapid, direct 


interconnéction of DOD. and certain other 
Government installations. AUTOVON is 
, intended to be a single, worldwide, | 


All ships copy. all messages-appearing onthe __ 


broadcast- schedule” which théy’aré guarding. _ 
To ensure: Teception-of these very- important 
broadcasts, they normally are fransmitted on 
geveral frequencies to allow a Choice for best , 
reception, considering the -time of day-or night 
ee the. atinospheric conditions. F 


SWITCHED NETWORKS r 


. As discussed in the previous chapter, the — 
(DCS) ,is - 


Defense Communications System 
confposed of all world-wide, _Jong-haul, 
‘governtyent-owned and leased point-to-point 
circuits, trunks, terminals, switching centers, 
control. ela and tributaries “of, military’ 


x 
re .. 


‘ 


general-purpose. ditect dialing system. Its goal “is | 
to complete connections ‘between. two points” 
_anywhere.in the world in about 2 seconds.and to 
“complete regular connections. with” pushbutton 
speed. 

The AUTOVON ‘system is comprised ‘of. 
several installations comparable in function to 
commercial telephone exchanges. An installation 
is referred to.as an. AUTOVON switch, or simply 
switch.. Within individual areas are ldcal. 
command., control, and administrative voicé 
communication systems. The systems can be 
connected into the world wide -AUTOVON’ 
_through. ‘manually “operated 
switchboards, or automatic dial. exchanges, by 


_ Provision of direct in or out dialing Vapabilittes. 


x 


. 


ae 


Nonnal AUTOVON service makes it possible 
forsubscribing stations to call other stations on 
a worldwide basis for day-to-day nonpreemptive 
traffic. Depending on the type of service 
available in each locality, AUTOVON. calls.t may: 
be accomplished either by direct dialing or 


“hrough a local operator. Where users, require — 


priority calis to be made, they place’ the call 
with their local operator or ‘the AUTOVON dial _ 
service assistance, Operator. More detailed 
infornation on. AUTOVON can be found in 
JANAP 137. 


= * 


Switchboard) nets, 


telephone | 


« 
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Automatic Secure Voice Communications 
(AUTOSEVOCOM) . 


AUTOSEVQCOM i is. 2 worldwide, switched 
telephone network whose puryose-is fo provide 
authorized users with a means for exchanging 
classified information. ovr COM SEC 
secure circuitry or offi cially “designated es 
. approved: circuitry. The system consists of both 
manual. and. automated networks ined: together. 
to form.a single system. _, 

Interface arrangements are necessary to 
overcome differences. in the-security equipment 

and transmission-modes between:circuit switclies 
and/or subscriber terminals of-one system to: the 


‘microwave .and_ ‘tropospheric 


resources, 


riteieonnesilon of AUTODIN. pwitehlne 
centers is accomplished through a network of ° 
high-frequency-radio channels, submarine cables, 
channels, and a. 
variety of wire lines. These transmission medias. 
are available from existing DCS fransmission 
AUTOVON, and from. commercial 
communication facilities. 

Backbone of the AUTODIN. system is tlie 
AUTODIN switching center (ASC). Basic 
functions of the ASC are to accept, store, and 
retransmit digital messages from. one location ’to 
another, automatically detect and’ correct errors. 
and <dcconiplish alternate outing. ‘Each 
switching center -has-a high degree of reliability , 


-other. “There --are--two-ty.pes-.of:switches..in. the. ~-—-tesulting-érom-duplicate.. major units,» which cun 


-AUTOSEVOCOM: system: 


(1) ‘Switclies’ that provide Users with an 
automatically switched: secure voice capability. 

_ (2) Switches that require: the assistance of an 
- operator. . a ;: 


The interfaces service provided by switchboard 
operators is-in addition to normal-switch service 
provided for their locally. connected subscribers. | 
Additionally, some naval’ ‘communications — 
stations are equipped to extend 
AUTOSEVOCOM: service. to shipboard users. 

A telephone directory published. periodically 
contains ‘subscriber: listings, general instructions 
for placing calls, and: trouble-reporting 
procedures, Additionally, JANAP 138 contains 
complete operating: instructions on 
AUTOSEVOCOM. g ci. 2 , 


‘ 


Automatic Digital Network {AUTODIN). 


The DCS AUTODIN is a, fully’ automatic 
digital.data switching, system capable. of handling 
any type- of. information: in. digital form, The 


s system consists of high-speed, electronic, solid 


"state switching centers,,various. types of data and , 
teletype ‘subscriber ‘terminals, and 
interconnecting transmission media. : 
‘ AUTODIN ‘is intended ,tos afford ' 
- instantaneous, errof-free, and secure 
cominunications around the. world to several 
. thousand directly connected subscriber 
terminals. Daily capacity of the system is in the 
neighborhood of . 5. milo: average tenet 
messages. “4 


. 


o 
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-bé activated with a minimum of disrupted 
.service: The current. ‘status. of an ASC can be 


: ’ checked: at.any moment ‘by obtaining a- printout 


of exactly how imany messages, by precedence . 
(required speed of transmission) and destination, 
are in the-center. 

Each overseas. ASC is capable « ‘of recognizing 


.and routing 921 non-relay rotting indicators 
(routing indicators of five ‘or more: characters). 


This total includes 215 collective routing 
indicators (encompassing, more than one 
addressée), nd 512 relay ‘(four letter) routing 
indicators. 

Tlie Whole concept of AUTODIN is to 


reduce, manual handling of messagés to a 


minimum by. the use of automated equipment; 
to reduce message delivery times’ and delay 
anywhere in the world‘to-a. matter of seconds (in 
essence, -reai- time)- mallet than in minutes or- 


‘hours. ® : 


More jnfornation on AUTODIN equipments 


and message format. will be covered in later 


chapters of this manual. Operating procedures 
for. AUTODIN. cam be found in JANAP 128. 


Defense Special Security Communications ” 
System (DSSCS) 


The Defense Special Security | 
Communications System (DSSCS). was © 
established by the Deputy Secretary of Defense 

on 4 November, 1964. The, purpose of ‘the’ 
DSSCS was to integrate the Critical Intelligence 
Communications (CRITICOMM) and_ Special 
Communications SEINTCOM) 


a 


72 - 
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networks in to a Single automated ot to-interfere basis for restoration. 
communications. network. In effect, the coordination, as nearly: all NAVCOMMSTAs 


‘ (e.g., 


integration . of . DSSCS subscribers. ‘into 


. AUTODIN: provides two separate. systénis: ~within« 


AUTODIN,. one system for Special’ ‘Intelligence 


"+ - (SI)---message traffic atid the: ‘other. for the 
‘ AUTODIN, common usér. While the AUTODIN 


and DSSGS . traffic is - intermixed. within 
AUTODIN ASC and on: inter-ASC trunks, strict 
’ physical separation of.all‘DSSCS and AUTODIN 
input and- ‘output terminal facilities is 
maintained. Each ASC Patch-and Test Facility 
(PTF) i is configured with. -a unique Yellow Patch 
bay isolated. from the standard-Red:Patch bay. to 
insure that- DSscs access linés/COMSEC 
equipment and other subscriber accéss 


lines}GQn SEC. equipment cannot be . local shore telephone systems andextensions. A. 
interconnected... ‘ combined eee a console exists at 
Although] the. above explanation i ‘is primarily ‘ certain NAVCOMMSTAs. : 


‘devoted to- Ligh speed: Operations, many Nayy 
stations continue to. operate low speed, 100 
WPM, -circuits. However, ‘most of these stations ‘ 
are. also connected ta: an ASC to. benefit sole 
,, the automated ‘external; high speed environment. 
“AS an: ‘example, one, input subscriber: could. end 


*‘a-message at 100 WPM. to-an ASC. The ASC, in 
turn, could pass this. traffic to another ASC at — 


1300. WPM or tos vanother subscriber at 200- 
WPM, The ‘output “of a given message ‘is ‘not 
simultaneous. with ‘its: input. Each miessdge must 
be received in its:éntirety-in the:“store” position 
of the ASC before. forwarding. of that" message 
can Degin. 

It should also’bé noted, a — of circuits 
terminating at Navy 3I communications.centers 
Ship/Shore, Commatid/Control, 
‘Broadcasts, ete, ) remains active: to support. 
designated. Navy Tequirements and-has ‘not been 
integrated into AUTODIN/ DSSCS._ 


High Command. (HICOM) Network ‘ 


The HICOM network provides a voice link 
between CNG, the Fleet Commanders in Chief, 
_and subordinate commands ashore, afloat and 

ai-bome. CNO is the master control station; the » 
FLTCINCS are area network’ contfol stations. 
All. NAVCOMMSTAs are members. *: 

In. cases where a fleet unit is suffering - 
communications difficulties. with~ normal 
channels, HICOM can ‘be used on a 


2 ‘ RM 


J 


guard their respective area nets. 


Navy. Operational Radio and. Telephone 
Switchboard (NORATS) ’ 


te 


The NORATS meets’ the need for an - 


interface between .Navy. tactical voice systems of 


the operating forces and the various. fixed 


telephone services ashore, so that the tactical’ 
voice can be extended te shore-based - 
operational- commands. NORATS’ provides -a:* 
common terminal point in the Fleet Center of 
each communication station where installed for. 


all. ship-to-shore voice. circuits and all applicable: es 


TRANSMISSION SYSTEMS 


Transmission “systems are classed either 
“narrowband” or. “wideband.” These terms:refer 
to the bandwidth of a transmission system and 


the number of channels-utilized.in transmitting | 


messages-—in other words, the 


information-carrying capacity of a transmission _ 
‘system. ° ; 


Narrowband transmission systems consist of 
a group of‘. facilities (or subsystems) whose 
information-carrying bandwidth is 4, voice 
channels .or.fewer. Narrowband: ‘systems. include 
high frequency radio (single ‘sideband and - 
independent sideband):and landlines. 


‘ Wideband transmission ‘systems consist of a - 
group cf otransmission facilities ‘having an | 
information-carrying b bandwidth-of more than 4 
voice channels, regardless. of transmission means. 


or frequency utilized. Bandwidth and: number of 


. voice channels used depend -on the type of 
. system. , Links carrying 1800 voice channels 


through a single transmitter and receiver are. 
available, Included in: wideband systems, are . 
forward propagation tropospheric eee 
(FPTS), microwave, and cable systems. 


In the past and to a large degree in ‘the | oo 


present, narrowband systems are (and have. 


been) the main link between communication. _ 
facilities. Although’ wideband systems are more 


t 
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desirable than narrowband. systems, their usagé 


48:limiited- becausé’ of an: -over-crowded: frequency 


spectrum. As technical asivances in. equipment 
and’ systems. are devised and. economical: use of 
the frequency spectrum is:solved,.increased. usé 
of wideband systems 'is. expected. 


TRANSMISSION. OF INFORMATION 
BY RADIO: 


To cconvey'a ‘message between-distant-points 
a message:catrier is required. Since the-majority 
.of the Navy’s communications is to and from 


- fleet uriits, the: onl: practical and ideal’ messege 
‘cartier for trans: 


tting information to these 
units is through*space by electromagnetic waves, 
commonly “called: “‘radig: waves.” The- ‘speed of 


_. transmission through ths space medium from 


the transmitting antenna to, the receiving 
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7 _. Figure 5-1 .—Graph of Typical-Unmodulated Carrier. 


i) 
antenna’ is approximately 186,000 sailies per 
second. 


éarrier. Later in this manual we will deal. with 
radio wave’ propagation and antennas. 


CARRIER CHARACTERISTICS 
The’ r-f (radio frequency) signal used ‘to. 


transmit intelligence from one point to. another 
is called the carrier. It consists of an 
electromagnetic 


an r-f ‘signal-.are- graphed-in..respect-to- time,. the __ 
result is a waveform such as that in -figure 5-1, 
The unmodulated carrier is a. siné wave that 


| PEAKTO PEAK 
AMPLITUDE 


31.90: 
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In. this section we will discuss how’ © 
‘electromagnetic waves . are produced, ax.d thie ‘ 
' process-of modulation; ‘by which the message. is 

attached to an electromagnetic-wave message: | 


wave having amplitude, 7 
frequency, and phase. If the- voltage variations of . 


aoe 


‘Perhaps the — sirnplest approacli. 
understanding ‘of the sinewave and’ its. 
characteristics is--to Consider a rotating vector 
used to generate a sinewave. In actual. practice). 
‘sinewaves are generated _by £lectrical devices 
designed*for thitt. ‘purpose. 

«Assume that a vector, as shown in ‘figure 
5-2A, is dying i in. a horizontal plane and -pointing 
to the right. A ‘line divided into increments 
Tepresenting time lics-to the right of the vector. 

: If the vector in figure 5-2A were totated; a 
certain angle would exist between its starting 

2. —. position and its position- at any given 4nstant. If 

Poe the SINE (a ‘trigonometric function not. 


vector at a series of regular intervals is ‘plotted | 
along the time base. the resultant curve will be © 
in the shape ofa sine wave. 
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Figure 5-2A.~A Vector.and a Time base. 


Looking at figure 5-2B, assume that in one, 
time increment the vector rotates 
counterclockwise from its rest. position at 0 
degrees to the 30 degree position. This is plotted 
along the time base-by placing one dot: at.0.and_ 
other dot above the 1, directly across frorh the 
point of the vector to advance another 30° 


degrees, to the 60. degree position. The new - 


Position of the vector is plotted along the time. 
base o placing, a uONabore: the 2 » directly across 


. 


9 


repeats itself in definite intervals’ of t tiine. ft 
swings first .in the positive and them in the 
negative direction about. the time axis and, 
‘represents: chiinges in-the umplitudé of the-wave. 
This action is similar to that of altemating 
current! in a wire, where these swings -represent 
reversals.i inthe direction.of current:flow. 


“to. an 


discussed here) of the angles formed by the . 


é / 0123456 78 9'10-% 12 


s : 3 3 
i oa ‘ ‘ 
OS ee 2 ; a. ai wd 
€5, 


: 31 92. 
Figure. 5.28. Vector after-30 degrees rotation, 


from the -point of the vectoi as. before. The . , 
procedure is. repeated for every 30 degrees of 
rotation until the vector has completed: onefull 


_ revolution. of 360 degfees and. returned. to its. _ toe 


original point, .as shown in figure 5-20, A. . = 
continuous line drawn. through. “the “Successive se 
points plotted -will be in’ the’ Shape ‘of one : 
repetition of .a.sinewave: this single repetition is nee 
known as. one-‘CYCLE ofthe sine wave.-It:can be: ‘ : 


seen that if the time base were extended and-a 


second revolution. of the vector plotted there : 
would-be two- cycles. of ‘the sinewave.. Note that 23 Be 
the 360 degree point of one cycle-Coincides with - +> _ 
the beginning, or 0. , GEBIERS, Point of * the » 
following cycle. : ; 


“If you study. figure ‘5-2C for a momént; he 
Several important Gharactenstics of. sine waves i 4 
can be seen: “ Eas 

a. Rotating | the vector at a constant rate: Pe ees 


travel through . one; 360° degiee cycle takes a 
specific amount of mG: equal to the, elapsed ... 


7 / 
. 81.93 
Fi igure 5-2C, oaks of Sinewave after 360 degrees Vector 
~ rotation, — 8 


cycle of: 


“then have a period. 


time between the “begnning and a of. one 


the resultant sinewave. The time 


required. is referred: to as. the PERIOD. of the 


cycle. If the, vector makes one revolution per 


second, a cycle, of the sinewate- will have a. 
period of on 


second. If the rate-of rotation is 
increased’ to: -one thousand revolutions’: per 
sécond,,each. cycle of the resultant sinewaye will 


second,(qne millisecond). - 


of one- -thouisand th of a. 


i . 
b. The faster the vector rotates the faster 


sinewaves -ure. generated. The mumber of cycles 
that. are completed in one. second is referred to 
as the FREQUENCY of the wave. If tne vector 


. makes one’ revolution per second, the: vompleted 
. sinewave has a frequency of one. cycle pet 


second (‘1- Hz). If the rate of rotation-is increased 


to. one thousand revolutions per second, dite 


‘frequency. -of the Sinewave Will be one thousand 
cycles per‘second (I KHz). ‘, 
‘°c. The magnitude of ' ‘the 


be seen to-vary above and below the time bse. 
The value at any given poin: ‘along the Tine 

called the: INSTANTANEOUS AMPLITUDE. 
the maximum yalue above of below the line-is 
referred .to as PEAK AMPLITUDE. Generally, 


-the value is considered to:be positive. above the 


tne, negative below the ‘line..aind zero at the 
points equating to 0, 180, and 360° degrees of 


‘vector rotation. , s 


. sinewave, - 
normally some value of vol tage or current, can. 


d. When: it’s desired to indicate law inuch ; 


ofa, cycle has: ‘been completed, at a given instant, 
we ‘tefer to its, PHASE, which is. stated in 
degrees. At. time increment | in figure 5-2C, 
there has been 30 degrees of the cycle 


completed: ‘therefore, the ‘phase is 36 deg™es. 


Likewise at time 2, the phase is 60 degrees, und 
at time. 3--it:is 90 degrees. Each of these phase 
conditions corresponds fo the angle between: the 


starting point the vector uid its instanfaneous 


position. at ‘the. time. aCEHNENS stated. 


INTRODUCTION TO MODULATION = 


Simple sinewaves cannot colvey infoymation 
because they do: not vary from their norinal 
state. In order co carry, information there must 
be some variation ins, frequeney, phase or 


amplitude according. to -the imtelligence.to be. 


eonveyed. Een those waves that conan the 


. chapter 7) are too long to be efficiently radiated! - 


necessary ‘variations are useless ides they cath 
‘be transmitted to their intended destination. 


When circumstances ‘dictate that intelligence 3 


waves Teach a distant pont without the use of 
telephone ‘cables, they. must be radiated in the 
form-of radio waves. . e. Wg 


As produced at their source. information 
waves are generally of such low frequencies that 
their wavelengths (wavelength discussed in  # 


by .practical antenna systems: The frequencies of 


the human voice encountered on 
+ 


broadcast fransmissions. for instanes, range cnly : 


from_about, 100 to 5,000 Hz. Thewwavelength at 
-5,000 Hz would be.over 37: miles,“and at 100 Hz 
_it would be 1863 miles. Obviously, 1 would not 
‘be practical to construct antennas. designed: to 
operate at such wayelengths. , - . 


" The solution: to: the: probleni is to rranstite 
the information wave up. into ‘a higher part of 
the frequency spectrum: where wavelengths are 
compatible with practical antenna sizés. This | , 
frequency translation is accomplished by the , 
process of modulation. Actually the process ‘of 
vary ing any one of the three characterispecs 


(amplitude, phase or frequency) 1s called 4 4 
modulation. Generally, modulation of a carrier aaa 
is.named for the wave characteristic that is 907 | fs 
- altered: by? ths modulgton Process: : ee 7 °, 
- Amplitude Modulation , ee 

& . ‘ 


4 7 : 
eos 


in st glide modulation.2the peak-to-peak _ ; “3 


amplitude of the carrier is varied intaccordance 
with ‘the intelligence to be transmitted. Por 
example. the-voice picked up by a microphone j is: 
converted into, an af (audio- frequency ) _ 4 
electrical signal which controls the’ peak-to-peak 
amplitude of :the carrier. A single sound at the 
. microphone mouulates the carrier with t “the 
result shown in figure 5-3. The carrier peaks are 
no longer constant in amplitude because they 
follow the ‘instantaneous changes: in the 
aniplitude of the a-f signal. When the a*T signal 
-swings in the positive direction, the carrier. peaks 
are “increased accordingly. When, the a-f signal’ 
swings in the negative. direction, the carrier 
peaks are decreased. Therefore. the 
instantaneous amplitude of the a-f modulating > | | 
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) # " MODULATED CARRIER, oo at ee r 
‘ é a ao , 7 
Pa SOO eEY hg Fy BESS. 
” Figure 5-3.—Effect of:a-f Signal ‘orCarrier in 
Amplitude Modulation. ©“ * 


wt 


sigayal determines the peak- sio-peak amplitude of. 
themoduluted carter, oe, at 
a7. ‘ he Ot oe 

“Frequency Modulation and Ce eee 
- Phase. Modulation - : = 

Besides its amplitude. the carrier wave ‘has, 
two Gther characteristics that can ‘be varied to 
produce an intelliggncé-carrying signal, These are 
‘its Frequency and: its phase. “The process of 
yarying ‘the frequéncy: in accordance with, the 
* audioltequencies of voice or music is called 
_ frequency modulation (f-in), and the process of 
varying the Phase is phase, modulation. (p-m). 
These wo types of modulation are, Closely 
related, When. f-m is used, the phasé of the - 
carmer wave js affected. ‘Similarly. when p-m is 
- used, the carrier frequency i is affected. 

The primary advantages of fan are improved. 
fidelity and increased freedom from static. 
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Because of these atustities it. is of ‘sone letable 
use “in commercial -broadcasting, but * its 
shortcomings, ‘including frequency: extravagance 
and short range on available frequencies, have . 
~ severely limited its naval communication 
applications. The Navy has, dvowéver, fotind f-m 
satisfactory .for other 
altimeters anil soe: radats. 
SIDEBANDS AND BANDWIDTH: : Los 
° yg 
Whensan'r-f carrier is aiduiaed by a.single © 
audio note. tio additional frequencies are 
produced. One ‘is the upper frequency, which: 


* equals the sum- of the: frequericy ‘of the: carrief 


and the’ frequency of. the audio note. The‘other 
frequency is the lower one.. which equals :the 
difference. between the frequencies: of the carrier 


sand the ‘audio note. The one higher than the 
is “thes ‘UPPER™ SIDE" a 


carrier. - -frequency ~~ 
" FREQUENCY; the one lower ‘than ‘the carrier’ 
frequency is the LOWER SIDE FREQUENCY. 
When the modulating signal ‘is. made: up’ .of - 
complex tones, as in speéch ‘or music, eachr- 
individual frequency “component of the. 
modulating signal produces. its own Uppersand _ 
lower. side frequencies. These side frequencies’ 
occupy a band: oC frequencies vue between me 


siim | OE the: carrier” the. naodunting 
* frequencies i ‘is known as the: UPPER, SIDEBAND 
(USB). The bard containing. the difference of 
‘the carrier and, the modulating. frequencies is” 
known as the LOWER SIDEBAND: (LSB). The 


' space a, carrier and its associated side bands 


occupy in a frequency spectrum is, called” a 
channel. The width ‘of . the channel (called 
BANDWIDTH) * is equal to twice the highest 
modulating frequency. For example, if a 
5000-kc carrier is modulated by a band of 
frequencies ranging from 200 to 5000 cycles 
(0.2 to § ke), the upper sideband extends from * 
5000.2 to. 5005 kc,. and the lower sideband 
extends fronr 4999.8 to: 4995 ° ke, 
bandwidth is then 4995 to 5005; or .10 kc. The 
bandwidth is’ twice the value , of the highest 
modulating frequency, which: is, 5 ke. This is 
illustrated’in aaa 5-4, - 
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2 “Single Sideband_ a 


8 A -mode of sale emfsion, that "has: becone 
increasingly important to the communicator is 
single sideband (SSB). Single sideband isnot 4. 
new terin in the history of communications. It 
has -been used .extensively. by. the shore 
comniunication system -for many years: The 
congestion. in the medium‘and high frequency 


oe, giver ; “a new impetus to the adyantages of using 
; ’ SSB-in fleet communications. 

ay : Following is a ‘brief mipoavenen to the 
technique of SSB. 

» In: our study ‘of sidebatids, we learned that 
ee modulation of the carrier producés ,a. complex 
signal ‘consisting, of three individual waves: , the: 
original carrier, plus two identical -sidebands, 
a gach - -carrying. the samme intelligence, ‘Naturally; 
ad 2 ‘this- appears to be an uneconomical. means of 
_« . transinission. By eliminating the carrier, “and one 
ar ‘of ‘the sidebands, the. same intelligence cari-,be 
be ; » transmitted. at a-saving in power, and frequency 
fe bandwidth., 


eS Sippresead Carrier 


In SSB, the carrier r itself i is suppressed (or 
eliminated), at the transmitter, so that sideband 
frequencies are .produced but the carrier is 

= reduced to a minimum. This reduction. or 
elimination usually) is . the: most difficult or 
troublesome - aspect in 
_ Suppressed carrier. In single sideband suppressed 


” 
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concentrated ‘in- the sideband energy of 


_ dower sidebatds remain. If one of the. two | 


* power 
- 59,50 


bands and ‘recent developments ‘that have _ 
: reduced: the ‘physical sizes of equipments have - 


“uriderstandirig- SSB - 


carrier, there is no carrier _ Present im the. - 


triftsmitted > signal. ‘It, is eliminated after . . 
modulation is. accomplished: and reinserted: ‘at. 
the receiver for the demodulation process. All-r-F 
energy appearing at the transmitter output is. 
or; a? 
power.” _ , 

After eliminating the carrier, the dipper band 


sidebands is, filtered out before it reaches. the 
amplifier stage of the transmitter, 
however,: cthe sare intelligence can’ be" 
transmitted on the remaining sideband. All 
-power is then transmitted in one sideband, 
instead of being divided between- the-carrier wid 
both sidebands, as in conventional a/m. This |S 
provision amounts to an increase in power for 
the. wanted sideband. Equally important, the 
bandwidth required for SSB voice circuits is. 
approximately half that needed for conventional. 
a/m..(See figure 5-5): 
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Figure oamaiajel of Bandwidths of 
Conventional a-m anf SSB Voice Channels. 
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‘SINGLE SIDEBAND TRANSMISSION 


Single sideband’ (SSB) saineniiecon is the 
most common communications link used today. 
Some of the SSB application in’ naval. 
communications ts described in the following i 
paragraphs, ; ; ; : ; 


activities. 


SSB Voice Circuits 


The* high command (HICOM) net uses SSB _ 


usa means of communication between fleet 


commanders, and fleet commanders use it for. 
their subordinates and‘ | 


communication with 
adjecent commands. 


Whentv ver Special voice circuits.are necessary. 
cither between shore activities or ships-and.shore 
SSB is selected because, it ‘is less 
susceptiblé to atmospheric interference than is 


amplitude modulation. Often. SSB is used for . 


voice ‘Order-wire circuits 


) bet ween 
NAVCOMMSTASs. - ‘ 


e 


SSB Teletype Circuits 


With few exceptions. 
existing--4ong-haul (great distance) teletype 
circuits. It is also used on ship-Shore circuits. as 
well as on ship-shore teletype circuits. Most of 
these ‘systeins are now covered circuits: that is, 


SSB is used on all 


_an electronic cryptodevice on both ends of the ~_ 
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baie 5-6. Racioianuenaise Channel and 
“Frequency Bandwidth. 


SHIP-SHORE SSB TELETYPE- 
CIRCUITS. —Many ships handle enough message ° 


traffic to justify. ship-shore teletype circuits. 
Depending on traffic load, these circuits can be 
from one to. four teletype channels on one SSB 
circuit. If the traffic load warrants more than 
one teletype channel,. 
multiplex -or frequency division multiplex 
(MUX) equipment is used. This equipment 
handles o to four i incoming and four outgoing 


circuit automatically encrypts and decrypts 
message traffic. These devices are ued on 
point-to-point. shij-shore. ship-ship- and 


brgadcust circuits. 7 


POINT-TO-POINT TELETYPE 
CIRCUITS.—Most -point-to-point. long haul 


, circuits between naval communication stations 


need more channels than SSB’ can provide. To 
coinpensate for the deficiency, independent 
sideband (ISB), transmission -is used. It is similar 
to SSB. But where SSB suppresses the carzier 
und filters out a Sideband. in ISB only the carrier 
is suppressed. Both. sidebands are used, and are 


split into two 3-kHz audio cliannels. as shown in, 


figure 5-6. “Each audio channel may carry 
different antSigeA 


The use of frequency division multiplex 
equipment, (discussed in chapter 9) permits I6 
teletype channels to be put into each of the 


3-KHz audio channels. giving a possible total of 


64 teletype channels on one ISB circuit. Usually, 
only one or two audio channels are available for 


‘voice. and/or facsimile. depending on the needs 


of participating stations. 


¢ 


order- wire circuit for 
operator-to-operator service messages and for 
making frequency changes when necessary. 
Three remaining channels are available for 
handling official message traffic. 


SHIP-SHIP SSB ‘TELETYPE. 


CIRCUITS.—Ship-to-ship SSB telety pe circuits 
are in wide use today. Their main application is 
with task force or task group nets or several 
ships in company. By using this type of net, 
ships can send. their outgoing messages to a 
guardship from which traffic can be lrelayed 
ashore. This procedure saves manpower and 
circuit time, prevents individual ships from 
overcrowding ship-shore circuits and conserves 
the frequency spectrum. Depending on the 
number and types of ships in company, the 
guard can be shifted to other ships fron. time-to 
fime. A major. advantage of these circuits is that 
electronic cry ptodevices cdn be used to send 
classified messages without -the need for manual 
encryption. These circuits are used. for incoming 
as well as outgoing traffic, and they can use 
either HF (high frequency) or UHF (ultra high 


frequency) signals. 


usually time division. 
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+ 
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MICROWAVE TRANSMISSION ar 
Microwave is a line-of-sight radio 
transmission system. Line-of-sight systems are 
made up‘of one or more links having a-clear path 
‘between antennas.at the ends of.:a. link... Usually 
frequencies -iised are above 900. mHz. In. the 
‘Naval Communication System,-three equipments 
currently in use are the UQ, operating between 
1700 and 1850 mHz;» AN/FRC-37 system, 
operating between 1700: and 2400 -mHz; and 
: AN/FRC-84. system, operating between 7125 


for 24 to 600 voice: channels, -has been obtained 
by propér system planning. 2, 
“Terrairi determines the length of a single 
link. In actual. practice, transmit and receive 
ar.tennas can be separated by-~a-slightly greater 
distance than the actual horizon-to-horizon 
line-of-sight distance, due, to refraction ofthe 
mictowave-beam by the atmosphere. Most 
systems aré composed of links of 30 miles or 
‘ less, except where: especially favorable sites can. 
=> === Be-“found: “Repeater~stations~-may- ‘be: -used—to 
: connect one link to another to form long chains, 
: thereby. setting up long paths for many voice 
‘ - ¢hannels where needed, Chains of more than 40 
links, for example, cross the - United States 
carrying voice, teletype and televisicn signals. 


Microwave links are often used -for carrying 


station to another; from and to the transmitter 
and receiver sites to the main. Station, for 
‘ . example. : 


Microwave radio link systems have the 
advantage of greater flexibility, economy of. 
operation, and almost complete independence 
over weathers conditions, They have excellent 
reliability (over 99 percent), extremely wide 
information-carrying bandwidth, good resistance 
to interference, and low power requirements. 
Limitations are: that they require a relatively 
large portion of. the frequency spectrum, and are 
effective at only-a short range... : 


Usually microwave radio is used where large 

channel capacity is required, links are relatively 

_ short; and where it is more difficult or costly to 
’ install cable. =. t 


e 


. and 7750-mHz. Wideband ‘trarismission, suitable 


signals from.a portion of a.naval communication ~ 
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SCATTER TRANSMISSION 


 ,cward propagation scatter transmission is 
a point-to-point method of HF or UHF radio 
communications. It permits reliable 
multichannel telephone, teletype, und data 
transmission out to.a range of 400 miles. 

Two types of scatter systems that hive been 
used are ionospieric and troposphicric. Because 
of greater capacity and. reliability. only the 
tropospheric:system is. now-being used. 


Forward Propagation -lonospheric 
Scatter (FPIS): . 
a 
Forward propagation ionospheric scatter 
(FPIS), a system using HF rang. utilize: SSB or 
ISB. A transmitted signal sis beamed at the 
ionosphere. where it is ‘scattered "in a forward 
direction. A receiving antenna is bedmed: at ‘the 
same point in space to reccive the. signal. 
Because of its limited bandwidth, relative 7 
highpower requirements, and erowded HIF - 
spectrum,.this.system isnot used. __ 


ai: Se ee a ice 


Forward.Propagation Tropospheric 


‘Scatter (FPTS) 


Numerous communication networks now in - 
operation, extending for thousand of iniles. ‘ 
utilize “‘tropo” terminals with hops of 300-miles 
or inore. Tiiése-relay hops are accomplished by 
using both transmitting and receiving equipinent 
and’ antennas at each terminal. At the initial - 
transmitting point,. many separate telephone 
conversations and teletype circuits are combined 


* into a single radio signal. A feedhora in a tower 


beams the signal out toward the horizon, and 
thus is similar to a - huge, precisely aimed 
searchlight. A minute reflected portion of the 
signal is) picked up by a parabolic receiving 
antenna well over the” horizon. There it is 
reamplified and sent on its way again. “if 
necessary, for.another leap over the horizon 
toward its destination at the other end of tte 
circuit. . 
e 

Tropo has, many advantages over other ” 
methods of long-distance communications 
Besides greater economy if areas where 
construction and maintenance present problems, : 


~ 
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"it is relatively” free of atmospheric interferences 
that affect other transmission methods. 


The number of channels that carn be 
transinitted over a given link depends on the 
degree of distortion the particular circuit can 
accept. For links that are part of long-haul 
telephone systems, distortion must be held to a 
‘minimum. 
: capacities: are.given in the accompanying list. 


Distance No. foie channels 
-*+1.00 miles To 252 
100-200 miles To 132 
200-300 miles Ta 72 
Over 300 miles 12-24 
(quality usually 
limited) : 
LANDLINES 


Almost all landlines used by the Navy are 


“—lgased, When. it_is determined. to link one place. _. 


with another. the ‘telephone company serving 
ihe area is notified regarding the ty.pe of circuit 
.1d'kind.of service desired. ‘ 


Depending on ‘the type of installation, these 
1 suits may either be d-c lines or audio lines. 
Patching usually .is accomplished at a control 
center of a Navy communication station or in 
the communication control link (CCL) of a 
tributary station. 


¥ 


DIREC’ CURRENT (D-C) . 

LANDLINES a 
- «~@- ; 
These lines are used for controlling different 
tvpes of equipment. such as keying a 
transmitter. and for short-haul teletype circuits. 
In sonie instances they are used as secondary or 
backup circuits for primary microwave circuits 
that link. different sites of a _ naval 
communication ‘staticn. Some tributary stations 
“of a NAVCOMMSTA nriay have d-c landlines as 
. their primary teletype circuit and aloo may have 
“them for remote keying COMMSTA transmitters. 


‘ 


et 


2a 


Typical tropasplieric scatter link. 
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AUDIOFREQUENCY LAN DLINES ° 


Audiofrequency jandlines (as they appear in 
a-CCL) are pairs of wire used for handling tone 
teletype equipment. One pair of lines is capable 
of carrying up.to 16 teletype channels. Be~ause 
hese lines are engineered to handle a ‘tke 

andpass at audiofrequencies, they ire 
considered to be in the narrowband system. 


LEASED LINES AND CIRCUITS ~ : 


Telephone companies ‘use ‘many types of 
circuits and systems in handling their vast 
telephone and-telegraph network. Each circuit:is 
engineered to meet-specifications of individual 
users. In general, these circuits and systems-can 


be classified as landline types, two-wire:.and’ ~ 


four-wire circuits, audio systems, and Carrier 
systems. 


* ¢ 


Landline Types 


Landline - ‘systems that carry various circuits - 


are further broken down into four types -of 


-lines: open_wire,wire. cable_pairs, coaxial: cable,. 


and submarine cable. All. four of these lines are 
capable of, handling all circuits and systems in 


* use today. . 


WIRE CABLE PAIRS. “Use of cables, came 
about because of unsightly congestion -resulting- 
from overhead wires, especially in cities, 


- Underground wire cables are less vulnerable: to 


storms .and other weather conditions. During 
wartime they also are less. susceptible to 
sabotage and enemy attack. ° 


Wire cables are made up of many pairs: of 
wires insulated in such a way as to prevent 
crosstalk between various circuits in the cable. 


COAXIAL CABLE.—Today, nearly 30 
percent of all communication services flow over 
a coast-to-coast coaxial cable network. This 
percentage is destined to increase in the future, 
along with usage of its newer companion, 
microwave (discussed later). Together, they will 
replace older open-wire and cable circuits. 
Coaxial cable falls into the wideband group of 
communications systems. 


& 


i 


os 
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Modern coaxial: conauctors are cofetrited 
chiefly of.3/8-ifich copper: tubing. Exactly j in the 
center, a No. 10 gage copper. wire is held by 

_ small. plastic disk insulators spaced about 1 inch 
apart. Both. the outer conducting tube and the 
wire -haveé the same center or axis, hence. tlie: 


fame coaxial. In some: types ‘of? coaxial 
conductors, sinsulation between. these two. 
conductors-is made of-a-solid-dielectric, material. 

Coaxial conductors are made: up into-cables, 
with eight or.-more coaxials arranged in.a tight” 
ring. Also contained within the cable js al 
number.of paper or polyethylene-insulated Wires 
used for control, 
short-distance communications. Air or nitrogen 
gas is introduced -under pressure into coaxial 
cable .in spaces between tubes and wires. The air _ 


~ 


detecting any “damage tha? may occur to the 
cable. 


= 


SUBMARINE CABLE. Beis “submarine 
cable now reaches almost every continent, it is 


‘existing telegraph cables could not- carry~ voice 
circuits. Since 1956 several. cables have.been Jaid 


i) 

for strength and protection, arid its flexible 
one-way amplifiers or repeaters were spaced _ 
about. 40 miles:apart. Power for these repeaters" - 


circuits. 


amplifiers brought circuit capacity up to 128. 
circuits. New cable, constructed in a manner 
‘that makes ‘it stronger, employs two-way 
amplifiers spaced about 20.miles dpart. : 


2 athe- ling, ae 
‘maintenance, and“ 


‘or gas keeps out moisture and also aids in “5 


_ possible to contact’ ‘nearly. every part of the~ 
* -world~ without-using-radio-as slink: Until: 1956+ 


that-can carryup to 128 voice channels. sie. 
. The first telephone cable had external armot.. * lines., terminating in a CCL. Each pair of lines 


was ‘fed from terminals, Improvements in this... 
system increased its .capacity from 36 to. 48-2 one vO ¢e:Oreaudio channel. . 

: fe = “AN, Tadyi ‘development ~ ‘called .a phantom 
A newer type - of cable and improved” ~xe_citéuit “was used on Gpen-wire lines. [t enabled “°° 


senate service. These two-wire circuits. are 


comparable to simplex or, half-duplex circuits. 
The voice frequency group also includes the 
four-wire. cable circuits in which a separate pair 
ot cable conductors is used. for transmission in 
eagh direction. These. four-wire circuits can be 
ebnpared to the Navy’s full duplex “circuits, 


-Exéept whers coaxial: cable ig. ysed. carrier ~ 


ul reuits employ the sani¢ (or similar) kinds of 
wire - facilities for transmission as- do voice 


frequency | circuits. Both circuits must -have ~ 


amplifiers. ‘or repeaters at regular intervals alon 
Pp pul 8 


. a : ee an ite 
~ It is impossible to prake an unqyalified , . 


_statknient, concerning particular situations. in 
which each itype or circuit may be best applied 
in “practice, dn general, however, two-wire, 
sureuits commonly are used for ‘relatively short 


gijstances—not more than a few hundred. miles ~ 


MEG Outowire - -cable circuits:are for somewhat: lopger 
distances. Landlitfe cartier Or-microwayve: circuits 
ordinarily are. utilized’ ‘for longest distances, 
although | eit’ use is. mot. limite to such 
“application: ; : mss 


. 


AUDIO SYSTEMS.: -Audio ne used 
telephone ‘companies can be compared to- ‘audio 


. garrivs a télepgone ‘conversation at the 
“frequency of the participants, | hes. 
audiofrequency. By using terminal equipment, 
twelve L00-wpin teletype circuits can be put on. 


- use of three circuits’ oni’one pair of lines. A key ° 


~ to proper cptration of a phantom group is the 
, precisioi) with which line wires and cails - 


balanced: Any unbalance permits.currents * 21 


“4 


e 


> 


.The various kinds of line facilities and : side circuits to-leak into the phantom | (and vice 
apparatus -described so far are,.in practice, — “versa}:-These unwanted currents maké circuits*’ 
applied to developing several,-distinct types of, ~ » Noisy « “In severe cases, they actually callow a 
long-distance circuits. Such circuits may. be convérgation on olie circpit to be heard on, 
broadly classifjed as. between those operating at “ others, This phenomenon is ae crosstalk. : 
‘voice frequencies and circuits that operate at & 2. 2 

higher (carrier or radio) frequencies. In the ‘CARRIER sks TEMS. C amv sstetheyat ~ sd 
- former group are ordinary two-wire circuits, : 
_which employ a single pair of open-wire cable thas. ate modulated: by ‘infortnation to be 


, conductors as their transmitting medium, -or'as 


is the general practice with. most local and Ethic yon are aneady familiar with include. : “Se 


= . 


‘ : 
: : Rmoy. ‘ 


att 


“ 


_ amplitude moduldtion —_ - and: frequency 
_-tnodulation‘(f-m). 

When, carrier systems were first used, cost. of 

equipment and installations was high. “For 

- economy of use, therefore, it had to be -used-on 

: long circuits, where equipment, costs were less 
ea. than-the pnce of additional wires on:the line. 

“ 5 As new techniques were developed and 

, better equipment was builf, the number of 


Ur 


{ eae o, ‘e - - were 


sf F 
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carrier. systems’ 
progressively “used for shofter distances. 


Many > types of carrier systems are in usé 


today. The time division multiplex process and 
frequency division multiplex equipment used on 
these carrier systems are ‘similar to:systems used 
-by the Navy. Chapter 9 of this manual describes 
the complete process of time divisiofi and 
frequency-division multiplex. , 


. 


increased. They were: 


a, 


+ 
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.* SATELLITE COMMUNICATIONS 


, Experience with :satellite communications 
hds.demonstrated that such systems can satisfy 
many -military requirements for reliable, 
survivable, secure and cost effective , 
telecommunications. It is almost obvious that 
satellites are the ideal, :if not often thes only 
solution to -prdblems o: communicating with 
highly. mobile forces. deployed worldwide. And 
we must‘ not forget that satellites, if properly © 
Aised, provide thie sorely ‘needed. geographically 
independent alternate to large, fixed’ grotind © 
installations. * 

‘For the past 


primarily used high-frequency (HF) transmissior®. - 


ag the principal: method of sending messages. In 
thé 1970’sy an era when the HF spectrum is 


- overcrowded, when “free” ‘frequencies. are at a 


premium, and- when HF jamming techniques are 
hight: sophisticated, the need for new and 
advanced’ long-range transmission. methods 
becomes readily-apparent. oy 
-Coynmunications. via satellite is a natural 
outgrowth of modem technology and the . 
continuing demand for greater capacity. and. 


higifer quality communications. Relatively __ 


‘ recent technical developments have, made 


satellite.communications possible. 

* Although the communicatioiis facilities of 
the various military departments have generally © 
been able to support -their requirements in the 
past, predictable requirements indicate that 
large-scale improvements will have to ‘be. made to 
satisfy future needs of ‘the Department of 
Defense. ‘The usage rate of both commercial and 
military systems has -increased by at leas{ ten 
percent ‘per-yeur over the past-fifteén years, and . 
there appears to be general agreement th at this 
trend will continue at an acctlerated rate. 
Ceytralized- vontrol.of military.operations, with 

ff em * a 
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fifty’ years, the Navy thas... 


4 


its. accompanying reliability and ‘security 

requirements, lias generated demands for 

communications ‘with. greater capacity and® for 

long-haul communications to previously * 
_inaccessible aréas:. Some of these requirements 

can ‘be met orily by sophisticated modulation 

techniques and wideband, long-distance ° 
transmissions-for which satellite communication 

is the. most promising means. ° 
DEFENSE COMMUNICATION | oh 
. SATELLITE PROGRAM (DCSP).. - 

- The Defensé Communication Satellite 
* of Defense in 1962 as an outgrowth of the 


S 


Advent Program. Phase ‘I of the program was © 


given the title, “Initial Defense Communication 
Satellite Program”. (IDCSP). ‘The first satellite 
launch. occurred, in.’ June 1966" whein seven 
IDCSP and a gravity gradient ‘experimental 
satellite were injected into random, near 
synchronous orbits by a single Titan III C 
booster..A total of 26 IDCSP Satellites have-been 


eight IDCSP satellites, occurred in June 1968. 


. "As of December: 1972, fourteen IDCSP satellites 


were stil! operational. , “ 


DEFENSE SATELLITE. 
COMMUNICATION SYSTEM -, 


(DSES) PHASEIL ; 


The Phase I] Defense Sateflite 
Communication System (DSCS PHASE II) will, 
over a period of time, evolye from -an initial, | 


' basically all-analog communications system to 


‘dn all-digital communications system. The 
performance capability provided by the Phase II 


Program (DCSP) was initiated by the Secretary 


placed into-orbit. The final launch consisting of ©, 


«, 
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DSCs will vary as a function of saan eal 
availability; that is, an extensive digital traffic 
capability — will not be available guntil digital 
ma@dems. and. baseband-equipments.are available. 

However, the overall performance'-of the Phase” 


11 ‘DSCS will be -greatly enhanced -over the 


capability provided in. the IDCSP (or: PHASE. I 


‘DSCS) through. the use of the new PHASE Il 


satellites. These satellites’ ‘provide a greatly 


increased. effective radiated power (ERP) and 


RF bandwidths, together withra: highly. flexible. 
‘satellite: configuration ‘using.both earth:coverage: 


and narrow,beam antennas:to provide a: wide. 


tfange of communication services and 


capabilities. In addition, these PHASE I 
satellites are deployed if synchronous orbits 


¢ 


which eliminates the problems that currently - 


‘exist with the drifting nonsynchronous; PHASE I 
satellites. so a 


ti {BASIC SATELLITE ° 


A satellite ‘communication system is. “one that 


radio. transmissions between earth ‘terminals, 


Thére are’two types of .communication 


satellites: active and -passive. A passive satellite 


merely reflects Tadig signals back to earth. An ; 


-active - -satellite, ‘on. the. other hand, acts .as- a. 


repeater; it amplifies Signals received and then 

re-transmits them-back to earth, This increases 
the signal strength at ‘the receiving terminal 
compared to that available from a pauive 
satéllite. ° sy 


; A ty pital operational link involves a an active 
_satellite and two earth: tet 
| transmits to the satellite on a frequency called 


inals.’ One station 


the up-link frequency, the satellite amplifies the 
signal, translates: it to the downlink frequency, 
and, then transmits it ‘back to earth where the 
signal is: picked up by ‘the receiving. terminal. 
This‘basic concept is ilustrated- by figure-6-1 . 
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DESCRIPTION OF COMMUNICATION 
SATELLITE SYSTEM 


ys 


“y 


degree upon the parameters of the satellite's 
orbit. ‘In general terms an orbif i is either-elliptictl 
or circular and its inclination is classified as 
inclined, polar or equatorial. A special typeof 
orbit is a synchronous . orbit, one -in “which the- 
period..of the orbit is the sdme as that of: the: 
earth. An orbit which is not. synchronous is 


. called’ asynchronous; With a further 


_uses.earth orbiting yehicles or satellites.to relay — 


subidentifi cation of a néar synchronous type in 
which the. period of-orbit approaches that-of the 
earth. Orbits are discyssed ih more detail later i in 
the succeeding paragraphs. 


The essential Wasic system -components of an 
operational communication satellite: system are 
(1). an. ofbiting vehicle with a communication’ 
receiver‘and trausmitter installed and (2) two 
earth terminals equipped to transmit signals to 
 and:reéceive. signals from ‘the satellite. The design 
of. the overall system determines the complexity 
of the various components and tife manner in 
“which' the system. operates. With the present 
” operational ‘military communication. satellite 
system only two earth terminals can use a 


s 


satellite at one, time, and this has led: to the . 


establishment of satellite scheduling or control 
facilities. nt ‘ 


ORBIT DESCRIPTIONS * 

As Stated previously, orbits generaily ‘aré © 
described. according to the. physical shape of the 
orbit.and the angle ofinclination of the plane of | 
the: orbit. . 

a os “Physical Shape. All satellites orbit the 
earth in elliptical orbits‘that are determined. by 
the initial: Jaunch- ‘parameters and the Jater 
deployment techniques ‘used. (A circle isa 


Special .case of an ellipse.) The path of any , 


satellite’ has: the earth located My one of its foci as 
shown in figure: 62, ; ot 


sPeriges and apogee are two of the - shies 
parameters ‘customarily: used. to-describe orbital 


data of:a satellite. ‘Perigee i is ‘defined. as the point ® 


“vin the ogbit of a-satellite that is nearest to: the 


center. of the earth. Apogée is defined as the. 


The basic design of a satellite ° pojnt:in the orbit of-a satellite at. the greatest 


communication system. depends to a great 


a 
. 


distance from the center of the earth. 
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Gon distances usually are ‘expressed froin 


; although nautical. miles. ‘usually are used oo 
military systems: 
: + Bg 
%b. Angle, of. facnneton: The angle of 
‘ inclination. is the third parajheter customarily 
used to describe- orbital data. of a satellite.-Most 
satellites orbit the earth in: orbital planes: which 
do not coincide with “the ‘earth’ equatorial 
plane. A satellite. orbiting in any, plane. not 
identical with the equatorial plane is? in. an 
inclined. orbit. ae F 


The angle of inclination.is the angle between 
the equatorial. plane and the orbital plane as 
shown in‘figure 6-3. 


The inclination. of the orbit determines the 
geographic, limits: of the projection of the path 
of the satellite over the earth’s surface. The 
‘greater the inclination, the greater, ‘the amount 
of the earth's surface that is covered by the 
satellite. This is shown graphically in figure 6-4. 


> 


‘+ COMMUNICATIONS TECHNICIAN .0 3 & 2 


_ the surface of the earth if statute. miles, | 


rr 


~ AIRCRAFT 
STERMINAL 


: eS | SURFACED. - 
J. SUBMARINE 2B 
: TERMINAL * « 3 
‘ a . — pall os o S) 
° > seme tien ; ° 
° oo TERMINAL 25 ; , 
” SHIP -TERMINAL 
i ; 
o a 2 : 
> : Le , * 4 S : 
x we, 2 
‘ . . : 31.95 
Figure 6-1.—Satellite communication system 5 
me “& : O° 
, : Pac} . . 


Figure G2 reed satellite orbit. 
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c. Special ee of Inclined ‘Orbits. ; 
(1) Equatorial. Orbit. A satellite-orbiting 


in a plane that coincides with the earth’ s 


equatorial plane is in-an-equatorial orbit. 


(2) Polar-Orbit. A satellite orbiting in an 


. inclined orbit with an angle of inclination of 90 


degrees or near 90 degreé#is it in d- pola. orbit. 

‘ d. Circular Orbits. A ciréular. orbit is a 
special type-c of elliptical orbit in- which the major 
and minor axis distances are equal or 
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eS _, 31,99: 
Figure 6-5. Illumination from x synchronous satellite.. ae ° 
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, - ‘how one of these satellites can illuminate almost 
. i eg _ 34.97. one-halfof the-earth’s surface. =~ . 
Figure 6-3.--Incliried satellite. orbit. * Fhree of these satellites. can proyide- coyerage ex 
, : over most of the-earth’s surfacé-(except: for the : 
eo ‘ so, extreme north and’ south: polar regions): A-polar ° 
; projection ‘of: the global coverage’ of such a - 
thyee-satellite: ‘system, is shown in. fi igure 6- 6. + 
(2) Near Synchronous ‘Orbit. A satellite 
in a circular orbit within a few thousand miles of : 
19,300 nautical miles above the. earth is-in-a:‘near - 
synchronous orbit. ‘If ‘the orbit is Jower than ’ 
mi INDICATES anes ovER -19;300 nautical miles, ‘the satellite’s “period is 
EOE WAJCH SATELLITE PASSES ” 7 less than the earth’s and’ the satellite appears: to 
. * -be moving slowly around:the earth from. west-to- ~ _ 
east. (This type of orbit is also “Called 


3 « 


ORBIT PLANE 


Pe 


‘ 31.98 “* sub-synchronous,): ‘Tf the orbit , is higher than, 
Figure 6-4.—Effect of orbit plane inclination on 19,300 nautical miles, the satellite’s period is - . 
“satellite coverage. : : greater than the earth’s and the. satellite ; appears ’ 
; to'be moving slowly’ around the,earth from east .* 
approximately equal. Mean height above earth, to west. Although inclined and polar near “"*, : 
Instead of perigee and apogee, is used in - synchronous orbits are possible, common usage : 7 a 
describing a circular orbit. m of the term near ‘synchronous: implies..a near 4 


synchronous: equatarial- orbit. 


e. Special Types of Circular Orbits. « =< * (3) Medium -Altitude Orbit. A satellitein =, Ba: 


a 1, Synchrojous Orbit. A satellite in a * a circular orbit from approximately 2000 miles: ’ 
circular orbit at a height of approximately to 12,000 miles above the earth is considered to ; 


19.300 nautical miles above the earth is inka | be ina medium altitude orbit. The period of a 
shin hronous orbit. At this altitude the satellite's medium altitude satellite is. Considerably less 
penod of rotation is 24 hours. the same.as the than that of the earth, causing such satellites to 
earth's, and the satellite orbits in synchronism appear to move rather quickly across the sky 
with the earth’s rotational motion. Although — , from west-to east. 

inclinéd and: polar synchronous .orbits are * = 

possible. the term synchronous, as commonly SATELLITE CHARACTERISTICS : 

ased now,’ refers ‘to a synclironous equatorial + 6 so _— 
orbit. In ‘this type of orbit. satellites appear to Early communication sateJlites were limited 
hover motionlessly ‘in the sky. Figure 6-5 shows _ to the diameter-of the final stage of the rocket 4 
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Figure: 6&6. —Worldwide synchronous satellite 
‘ en uate from secre North Pole... 


that was.to’ Be. ‘used. for launching. “Similarly, the 
Weight was determined by: the thrust: of the 
rocket.motors and-the maximum weight:that the 
rocket: could lift into-the desired orbit. 
As: early as June 1960; two ‘satellites, were 
successfully placed: in orbit ‘by the same. launch 
vehicle. With the development of this 
multi-launch: capability. additional. flexibility 
was.’made available in the design options as to. 


size, weight and ‘number of satellites to be: 


included ‘in each. latinch. 

The Phase I Defense Satellite 
Conimiinication System (DSCS) will have Jareér 
and’ heavier satellites. in synchronous equatorial 
orbits. Present planning indicates. that .two of | 
these Phase II satellites . will -be injected into . 
orbit from a single ‘launch. Figure 6-7 is’ a. 


’ drawing of the Phase II satellite. « 
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Satellite Power Sources * ae 


Early communication satellites were severely . 
limited by the lack pf suitable power sources, 
this, in, turn,. sevetely. Jdimited the output power 
of the satellite transmitter. The only source of 
power available within early, weight restrictions 
was a Very inefficient panel of solar cells ‘without 
battery backup. A major disadvanitage of iit 
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‘type of power source is cut the sutellite has ito 
3. power when the satellite is in eclipse. For 


continuous communications, . this. outuge is. 


unacceptable. ‘ 
A. combination of solar cells Pre storage 


batteries is a -bettér prime power source for 


satellites. This.is a practical.choice at this time, 
even though the result is-far from an ideal power 


_ source. About ten percent of the sunlight energy 


converging -on the solar cells is converted to 
electrical power. ‘Even this low efficiency is 
further decreased when the solar cells are 
bombarded , by high-energy particles that are 


_ sometimes.encountered. in:space. 


The IDCSP satellites have over $500 solar 
cells mounted*on the surface of the ‘sptellite. 
Initially these cells supplicd’ about ae watts. No 
battery backup was-provided. 

The Phase 11 DSCS satellites will have about 
32,000 solar cells, initially supplying.about 520 
watts, ‘mounted on the surface of the sutellite. A 
nickel cadmium. battery will be used for backup 
power during eclipses. 

Although numerous nuclear power sources 
have-been used-in space for special purposes. the 


_ state of the art has not progressed sufficiently 


‘for nuclear power sources ta be competitive 
with the solar cell- -battery combination “for 
synchronous communication satellites With 
solar cells exposed to the sun continuously (and 
battery backup for eclipses), the solar 
cell-battery installations will-be lighter in weight, 
more efficient and less costly than evinting 
nuclear power sources. : . 
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‘Satellite Orientation 


Satellite orientation in space is quite 
important for-two reasons: continuous solar cell 
orientation. and, continuous antenna orientition. 
Since the primary source of power in most 
satellites is from solar cells, it is essential that 
the maximum number of the solar cells be 


“exposed to the sui at all times. Moreoveg. for 
the satellite antenna. 


useful: communications. 
must be visible to appropriate earth terminals, 
Early communication satellites used spin 
stabilization to meet these important 
requirements. 4 

Spin stabilization operates On the principle 
that ‘the direction of the spin axis of a rotating 
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~, body ‘tends to remain. fixed in space. A natural 


example. of spin: stabilization is the effect of the 
earth’s rotation: in. keeping its axis‘fixed in space. 
A satellité having a spin axis parallél to the 
earth’s axis will maintain.this position-since both 
axes: are :fixed in space. Figure 6-8 illustrates the 
use of this. principle with an equatorial. orbit 
satellite to keep a doughnut-shaped - antenna 
pattern pointing toward the earth. s° - 

. Spin stabilization: requires virtually no 
additional energy, once:thé systern.is in-motion. 
A spin-stabilized. satellite is usually ‘constructed 


‘like a flywheel with the heavier: ‘equipment. 


mounted in the same plane.and. ‘as’ close: to ‘the 
outside surface as ‘possible. 

After orbital injection, the “radial jets are 

pulsed to initiate spinning. The: satellite spin axis 


) 


* "| Figure'6-7,-Phase Ii DSCS Satellite. 
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is oriented: to the earth’s axis -by- means‘ of. the 
axial’ jets, which.are pulsed ‘at the proper. spin: , 
phase. The velocity jets, pulsed , at the nag 


spin phase, provide'-orbit position and. velocity © 
correction..(See-fig..6-9:) eae 


By. installing solar cells call. “agound fhe 


outside surfacé’ of the spin-stabilized satellites a! 
large number of'solar cells is. exposed: to the. sua 


at all timeés (except when .the satellite:.i is in 
eclipse). By installing antennas that: ‘fadiate i in-all 
directions around ‘the spin. axis a small part of 


sy 


the total: radiated energy: is directed ‘toward the is 


earth: at all times. 


The: ‘Phase I “Ipscs” ‘satellites are spit 
stabilized, as described above. They utilize: solar’ 
cells mounted on the outside wee of the. 
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, Figure 6-8,—Spin-stabilized satellite antenna pattern. . ¢ 
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F igure 6-9, ~Solrstbiie ‘satellite slash 
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: ten Axis 
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o. rr? the “dilated: énergy in: thé direction ‘of the 


earth. - : 
The Phase Il DSCs satellites will use a’ 
despun platform with four high gain antennas.- 


- Two. steerable narrow, beam antennas will be 
“cused ‘for communications between. and within - 


‘regions of: high traffic density. Two horn 
antennas. will. provide for.earth communications. 
between facilities outside the ‘narrow. beam 


_ Coverage: The antenna arrangement proposed for _ 


ey 


satellite and have two- omnidirectional antentias ° 


melee around the. ‘Spin ‘axis. * 3 
In-an-effort t6, overcome the: disadvantage of 
omnidirectional..antenngs, which radiate only: a 


small amount of energy: toward. the earth,: 


various techniques to ‘achieve an -earth-oriented: 


antenna. system chave “been ‘developed and the - 


“most promising have been tested in. space 


vehicles. The ‘best system‘developed to date uses: 


spit Stabilization’ for. orientation of the satellite. 


-with a despun: inner. platform for mounting 


the: ‘Phase. Tl satellites j is- shown: in figure 6-7. 
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- EARTH TERMINAL 
(CHARACT ERISTICS, , 


> Cominunication satellite eae ‘terinidals 
generally are located in areas remote from the 
‘actual users of these- communications. This is , 
necessary to minimize RF interfererice to the: 
.satellite communications. Characteristic of this, 
«remoteness is a.need ‘for intérconnect, links to” 
* permit communication. flow. to and ‘from the 
users. of'the.satellite systems. These’ interconnect 
links are usually via teleplione .cables or 
microwave radio with normal terminal 
equipments. 


Earth terminals generally have a-single. large’ 
_antenna, a. highly sensitive receiver, a powerful 
“transmitter, multiptex equipment, 
modulating-demodulating Sauipmient, and, 


: ees equipment. 


controllable. antennas.. The satellite is. - 
constructed; in: two parts: -with both: parts. having 
Antennas 


radial*jets. The iriner part is concentric with the 

outer part ‘and contains the cominunication 
antennas and ‘the-commainications ‘package. The 
satellite is launched. and: irijécted into orbit in 
the usual manner. The whole: satellite is? spin.- 
‘stabilized. using the outer radial jets. After ‘the | 
satellite. is stabilized with the -desired 


~ orientation, the, inner radial jets spin the,inner 


‘ part in the opposite direction. ‘to counter, the 
initial spin. This results in a despun inner 
platform, which is: stationary with respect to 
earth. The despun. platform is: coriented to such a 
position’ that the communication antennas: ‘point .. 
continuously toward the earth,, This, . 
arrangement allows ‘the use of high gain 
directional antennas to. concentrate: ‘the majority - 
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the ‘AN/TSC-54, uses a cluster of 4 parabolic: ; 
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Earth terminal. antennae are highly’ 
directional, high gain antennas capable of. 
transmitting and receiving signals 
simultaneously. Generally, large, high gain, 
parabolic antennas are used. > 


a : 
Threé sizes of parabolic-type’ antennas aré, 


currently in use with the Phase I IDSCS earth:~ 
terminals: the AN/FSC-9 uses a. parabolic 
anterina 60 feet in diameter; the AN/MSC-46: © 
uses. a. parabolic. antenna 40 feet i in diameter; and , 


ea 
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antennas, each 10 feet in diameter, which in | ° 


combination are equivalent to a parabolic . 


antenna 18 feet in- diameter. 


os . * 


e 


907 


o 


‘high 


. > , — » & —_ : F 3a 
oe a Chapter 6-SATELLITE COMMUNICATIONS. 
Recéivers - es = 7 ae “4 7 400-MHz band and is the- responsibility of the 
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All seailité comniunication earth terminals 


"are equipped -with specially, designed,” highly’ : 
‘se nsitive receive Ts: 
receivers are’re quired to overcome'the down-link | 
‘power limitations and. to- permit éxtraction of 


These: highly sénsitive™ 


the desired ommiuni¢ation information from 
the received signal. All of the: terminals, currently 
in use in the, Phase. | IDSCS system utilize 
specially designed. preamplifiers mounted 
directly behind the antennas. The preamp. noise 
temperatures vary with the sizes. of the earth 


terminals.. oe a -s 
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Trane ters 


All earth terminal transmitters generate high 
power signals for transmission to the 
“communication satellites. The combination of 
‘powered transmitters and highly 
directional, higlt gain antennas is necessary to 
overcoine the up-link Jimitations and to ensure 
that ‘the ‘signals received by the satellite are 
strong enougli. to be detected by. the satellite. 
Although. various, arrangements of functional — 
components are possible i in transmitters. all the” 


_ transmitters in use in the Phase. I IDSCS earth 


terminals have the same general arrangements. 
Each IDS:CS transmitter “has an 
exciter/modulator and a power amplifier. The 
modulator accepts the baseband input from the 
terminal equipment and- modulates-an IF carrier. 
The exciter translates the IF signal to the up-link 
frequency and’ amplifies it to the level required 
by the klystron of the power amplifier. The 
output power of the AN/FSC-9 is variable from 
10 W to 20 kW: that of the AN/MSC-46 is 
variable from 100 W to IC kW; and that of the 
AN/TSC-54 is variable from zero:to 5 kW. 


Telemetry Equipment 


Telemetry equipment, is included in all 
communication satellite systems to permit 
, monitor‘ng of tne operating conditions within 
*the satellite Telemetry can de used also for 


_ reinote control of satellite operations. such. as 


energizing | axial jets for changing the spin axis of 
the satellite. In the Phase I IDSCS -system 
telemetry information is transmitted jn the 


v # 


.AN/MSC-4# 


, for the ADVE 
for the SYNCON program, ° and finally were 


Air Force. ‘(A normal Navy earth terminal will 
not have a 400-MHz capability.) 


*" General Description of ° 


DSCS Earth Terminals 


we 
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. There are three types of earth. tentinaly 
currently in use in the DSCS: AN/FSC-9;, 
, and AN/TSC-54. The: two. 
AN/FSC-9 ear) terminals were built originally. 
program, were. modified later 


modified: for thé IDCSP program. The 


| _ AN/MSC-46 and: AN/TSC-54 equipments were. 


built for the IDCSP program. " 

q 
AN/FSC-9.—The "AN/FSC-9 terminals are 
permanent installations located at Fort Dix, 
New Jersey,,and’'Camp Roberts, Caiifornia. They 
are used- as the principal terminals for 
communication links to- Europe, and to the 
Pacific respectively. A.60-foot parabolic antenna 


is mounted on a 60-foot steel antenna tower on- 


a-concrete foundation 30 feet deep and. 84 feet 
in diameter. The.antenna mount includes a bridge 
superstructure that acts as a counterweight aud 
serves aS a housing for electronic. equip ment. 
The.estimated weight of.the antenna is 190 tons. 
A ‘200-foot covered passageway connects the 
antenna to a 6000-square foot operations 
building. An AN/FSC-9-is, shown. in figure 6-10. 


AN/MSC- 46.—The AN/MSC- 46 is a 
transyortable communication sate‘ ite terminal 
‘that is.housed in three vans. A rigid radome (not 
supplied with the terminal) is usually installed 
over the antenna. Power is furnished by three 
diesel generators (supplied as a part of 


-@ .AN/MS®-46 of 100° kW each, or local 


commercial power may be used:if available. The 


complete terminal, including the disassembled’. 
antenna, weighs 114,000 pounds but it can be. 


transported by three C-130E aircraft. After 
arrival on site, the terminal-can be assembled by 
a crew of eight trained men. An AN/h.3C-46 
antenna with its-pedestal.is shown.in figure 6-11. 


AN/TSC-54.-The AN/TSC-54, tht smallest’ 
of the Phase I IDSCS earth terminals, is a hignly 
, transportable communication satellite terminal. 
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Figure 6-10.-AN/FSC-9 satellite earth terminal. ) 
; The antenna, klystron and preamplifier are’ 7.25 to 7.75 GHz. Figure 6-13 is a pictorial 
: mouiited’ on-a-trailet, and the remainder of the representation.of the AN/SSC-6. : 
4 terminal equipment is-in an équipment: shelter. Tie AN/SSC-6 is a shipboard installation 
Power is supplied’ by .a traileremountéed diesel ‘installed as_an interim. SHF capability until 
generator. The complete terminal, weighs replaced by AN/WSC-2 terminals. The ‘antenna : 
19,500 pounds and can be transported by group is mounted on the ship’s weather deck. 
C-133E aircraft, H-37 helicopter ‘or it can be The servo electronics, modem, transmitter, 
; . towed by suitable trucks over unimproved. ‘_ «prime power, and electronics. groups are located’ 
terrain by: attaching. ‘‘goat’’ mobilizers within the ship’s structure. The servo 
(furnished: with the terminal) to the equipment electronics, modem, and electronics groups are 
shelter. A well trained, experienced crewcof six collocated. ; . 
fi can-set up or dismantle the AN/TSC-54 in less » The AN/SSC-6 uses a six foot diameter 
coe than two hours. A rigid radome (not supplied Cassegrain type antenna system with an 
pm oe with: the.terminal) is available for automatic tracking feed system capable of 
semipermanent installations where required. An tracking synchronous. and near-synchronous 
AN/TSC-54 is shown in Figure 6-12. communications satellites. -- 
. a, SATELLITE ACQUISITION 
AN/SSC-6.—The*.AN/SSC-6 is a shipboard AND TRACKING 
satellite communication earth terminal. It ° - 
provides the capability for tracking a satellite An essentiat operation in establishing 
and for the capability of long-range, high-speed communications via satellite is the-acquisition of 
data, voice and: teletype communications signals the satellite by the earth terminal antenna and — , 
transmitting at 7:9 to 8.4 GHz and receiving at subsequent tracking ‘of the satellite. Initial ot 
| 988 48 + : 
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acquisition @epends upon.an exact knowledge of 
the satellite’s position which, in combination 
with the geographic location of the earth 
terminal. enables the computation of accurate 
antenna. pointing information. The degree of 
difficulty in acquiring and tracking a.satellite is 
determined largely by the. satellite’s orbital 
parameters. ‘ * 
> Acquisition and tracking of a synchronous 
satellite are relatively “simple because the satellite 
appears to .be stationary. Acquisition of a near 
synchronous. satellite is relatively simple because 
of the slow relative motion of the satellite; 


i) 


"Figure 611,-AN/MSC-46 antenna and pedestal. 


See 


& 


however, the satellite movement is enough that 
accurate tracking is required to keep the narrow 
. beam antenna pointed toward the satellite. 
Satellites in medium altitude circular orbits or in 
- elliptical orbits are more difficult to acquire and 
also to track because of their relatively rapid 
changes in position. 


Orbital Prediction 
In order to be able to supply antenna 


pointing information to earth terminals, it is 
necessary to know with a high degree of 
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Figure 6-1 2. —AN/TSC-54 satellite communication 
terminal. : 


accuracy the orbital parameters of‘the satellite: 
A table showing the calculated positions of a 
satellite (or any heavenly body) at regular 
intervals of time is. called an ephemeris. The 

_ ephemeris of a satellite is calculated from its 
orbital parameters and a knowledge of the 
physical laws of motion. After the ephemeris 
data of a satellite are determined, it is possible 
to predict for any- given Yocation the apparént 
track of the satellite as viewed from that 
‘location. 

The constants ‘defi ining an orbit are initially 
obtained by the process of tracking. At the time 
launch, -the rocket is tracked-by radar from “‘lift 
off” to injection, and then until it passes out of 
sight. The recorded tracking data obtained in 

athis way is sufficient for making rough 
predictions of the orbit. These predictions are 
made rapidly with a computer and sent to other 
100 
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‘however, these changes are so gradual that 
_ predictions will be accurate enough to be used ¢ 


‘contact with a satellite, the only important local 


tracking stations in other parts of the world. The 
other tracking statibns around tie ‘world. watch 
for the satellite during its first trip and ‘record 
additional data which enables more precisé | 
predictions to be made. Thus, -during the first 
week of orbiting, tracking stations all around the 
world are obtaining progressively. more accurate ae 
data conceming the satellite. This data is.put - 


‘into a computer where corrections of farlier. 


estimates of the orbit are made. s 

- Once the initial predictions are complete.and 
the satellite link becomes operational there is 
very little change in these calculations. The 
orbits will change slightly over a period of time; 


for weeks or even months without further 
corrections. When the orbits are known: 
precisely, an ephemeris can be calculated for 
each satellite of the aa 


Antenna Pointing r 
Antenna ‘pointing instructions are derived. ) 
from the epheméris of a. gatellite. These 
instructions must, hover be computed 
separately for each ground station location. A ee 
satellite which bears due south of station A at an ; 
elevation of 25 degrees may simultaneously bear — 
due southeast of station B at an elevation of 30 
degrees. Antenna pointing instructions are 
determined by. taking into consideration the 
orbital prediction and the latitude and ee 
of.each ground station. 
’From, the standpoint of acquiring ‘radio 


coordinates of position are bearing and 

elevation. Knowledge. of the béaring and 

elevation of a satellite at the time planned for 

acquisition permits the antenna to be properly . 
pointed. 


“CONTROL CENTER 
INFORMATION.-~The use of'satellites to set up ' n 
particular communication links requires 
planning. Varying and contingent needs of users 
must be considered. With a limited number of 
either random orbit or quasi-synchronous 
satellites, it is possible that there may be no . ee 
satellite-in the common view of certain pairsof $7. - 
ground stations for minutes or hours at atime. ®, 
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Also. there may be a failure of electronic 


equipment. Pienners must take all of these 
things into cvisideration in order to make best 
use of the stellites. 

Antenra pointing instructions are.calculated 
for planned satellite acquisitions and for 


additional acquisitions to provide reliability in. 


event of Satellite equipment malfanction, In-the 


4ADSCS a centrai computer in the Air Force 


Satellite Control Facility performs these 
calculations for each earth. terminal location. 
Te Satellite Communications Control 
Facility. operated by the DCA, schedules 
operating time for the se’ of’ the various 
satellites by the three servicés. The Navy 


- Satellite Operations Center, under the direction 
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Figure 6-13.—AN/SSC“6 shipboard terminal. 
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PRIME POWERS 
~ SUPPORT. EQUIPENT: 


of the Naval Telecommunications Command, 
allocates Navy-assigned operating time to 
Commur‘cations. Area-Master Stations (CAMS) 
which: in turn designate pairs ofseath terminals 
to use the assigned time. 
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Acquisition 


_The acquisition of: satellite signals by a - 
ground station equipped with large antennas and. 
operated at microwave frequencies places severe 
requirements on ‘the acquisition system; 
‘particularly ifthe satellite is in.a medium 
altitude circular orbit or in arvelliptical orbit. 

These requirements can be divided: into two 
problem areas: spatial-time uncertainties and 


oe 


_COMMUNICATIONS 


: Sis Mat Mes cin ...'* 
> frequency variations. The spztial-timé 


‘involve acquisitios: of: the signal ‘trequency. 


oe | ida 
*  SPATIAL-TIME FACTOR.—Very’ accurate 
antenna ‘point data will- be available-to-the earth 
terminal ftom the Satellite Controt Facility, 
However, due td equipment limitations it is 
necessary. to conduch a. sifiall ‘search aout. the 


i make initial contact. This searching involves 

: either manually -or automatically “scanning. a 
° small area around the point where the satéllite 

appearance is predicted. ° 


_ TIMING GONTROL.=Timing sighals-for thé 
satellite terminal at Camp:Roberts, California, to 


Fort. ‘Dix. New Jersey, and Helemario, Hawaii. 
Fort: Dix retransmits these timing signals-toyall 


ay . terminals-in the Atlantic-Européan-African area, 
~ ° and Heleniano transmits the signals to all-Pacitic 
sites. : ° 


“FREQUENCY “CONTROL.=The frequency 
_ of ,a radio signal received. from ‘4 satellite 
ag Bnerally is not exactly the assigned downlink 


if frequenéy because of variatioris in the received 
frequency.-The extent of this .ffequency 
2 variation is quite dépendent upon. the “orbitai 


geometry of thé satellites. The greatest 
frequency variations. are observed in signals from 
satellites-in medium altitude,. circular orbits-and 
from those in dlliptical orbits. The smallest 
- _ frequency variations arecobserved’in signals from 
satellites in néar-synchronous and synchronous 


» orbits, = . . 
Tracking on 
“3 &~ % 


When-a “particular satellite has been 
acquired, the. earth ‘terminal antenna must 
continue {6 track that satéllité for-as long as it is 
to-be used as the comimmaicatién relay. Two.of 


tracking and.automatic tracking. 
PROGRAMMED TRACKI 
programmed tracking the known érbital 


~Ppurameters of the satellite are fed into 
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acquisition..(acquisition. of-a signal at:some point ae 
in space at some instant in time) must also - “4 


’ predicted location of the satellite in order to: 


‘entire system are %fansmitted. ‘by the Army ~ 


several’ methods -of tracking are programined_ 


NG.-In 


oe Sg ee Ba, 


. . 


? . - ~ 7 7 ae ss 


oy . 

- appropriate.computation equipment-to generate ° 
tenna"pointing angles. The antenna. pointing 
figles are fed as commands to the, antenna « 

- positioning. sérvo-mechanisms. which. point‘thes *: 

*> afitehnacin: the required diréction: The amount . 
+.0&-dataland ¢omputation involved in using 
2 programnied -tracking to point narrow 
eamwidth Gitennas. is quite extensive. 1. 
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.Adgition; some =deviations from caltulated , 
posting’ anglés arise as a result of antenna 


mount flexure and atmospheric and ionospheric ' 
- beijding of-radio waves. Since these uncertainties - 
-ekist,? programmed tracking is not wholly 


 Safistdctory and i& not used extensively, ° 


- AUTOMATIC TRACKING.~In automatic 
trackifzsantenna pointing information is 
&enerated-sby comparing ‘the direction of .thé - 
antenna’axis with the direction from which an ; 
actual satellite signal‘is received. “Since automatic 
tracking ‘Systems track the apparent position of 
te satellife—that is, the direction of arrival of 
the ‘tadio-signalknowledge-of the real-position 
of the sdtéllite is not required: The automatic 
tracking ‘system is a. sefve-inechanism and, ance F 
acquisition. tias -been accomplished, it : 
- Continually ‘generates its.own pointing.data, thus 
‘eliminating. the requirement for data. input and 
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computation: 
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SATELLITE OUTAGE TIME.—The system | 
‘specification for the-DSCS-allocates 120:secands . 
for slewing the earth terminal antennas, « 
acquiring the satel‘te signal, and checking for 

‘ circuit continuity at handover. This represents: 
fhe minimum outage time. ‘However, for several, 
Feasons a. satellgte may not be immédiately ° 
available, and, these reasons -may coinbine ,to 
increase ‘the‘outage time. The difference of drift 

-, Velocities .of the Phase I IDSCS satellites will 
iad to bunching of satellites with. gaps causing 

_ incrgased outage times. In additions when two or 
more Satellites simultaneously occupy the 
conimon volume of the link terminal antennas, - 
they will mutually interfere and prevent reliable 
communication. Other factors leading. to. , 
increased outage times are satelfite-sun. 
conjunction (increased noise: from the sun- 
prévents corhinunication), satellite eclipse 
(absénce-of power from solar cells), and satellite 
failurés. Hence, the distribution-of outage times 
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is a complicated’ function of time and 


a earth-station. locations. 


a 


« ;  ROLE-OF SATELLITE ° 
COMMUNICATIONS | 


Li the context of. a global nits 
communications network, satellite 
communication systenis ‘become subsystems 
adding sorely néeded capacity ’ or additional 


altemate, routing for Communicdtions traffic. A. 
satellite link is just one of several kinds of - 


long-distance links that’ interconnect switching 
:cénters-located strategically-around the world to 
comprise the Defense Communications System 


' (DCS) network. Satellite links. -are usually in 


parallel with links ‘that employ the more 
conventional means of communication—HF 
radio. tropospheric scatter, ionospheric scatter, 
line-of-sight, microwave, and landline. Satellite 
links provide added. capacity ‘between various 
points in the network; and, since these links 
continue in- operation under conditions that 
render other media operable, they make a 
Significant contribution to the improvement of 


“reliability. The primary purpose: of the DCS is to, 


provide long-haul, point-to-point 
communications” capabilities to Department of 
Defense users. Users - need only establish 
communications. with the nearest switching 
‘center to become network subscribers and to 
have access to: the entite DCS network. Beyond 
the point-to-point-communications requirements 
there are the tactical communications 
requirements of the individual services. For the 
Navy. the potential of: satellite communications 
for tactical (non-DCS) ‘service is most 


encouraging. ey 


TYPICAL APPLICATIONS 

In-the .application of satellite 
communication resources to military 
communications, certain typical deployments 
will exploit to the maximum extent ‘their 
versatility and capacity. Some such applications 
ae * : 

a. “DES Long- Distance: Common-User 
Communication. This type ci communication 
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represents the noni “employment of the 
satellite subsystem. This “application provides - 
additional high-captcify wide-band: truiiks for a.. * 
variety of transmission modes and: .added 
flexibility for rerouting traffic. - 3 

© 5b. DCS Area Common JU set 
Commur ‘cation. Area cormunication- supports 
large concentrations of forces engaged in 
operations.encompassing. a- discrete remote area. 

Such-service.extends high-capacity, long-distance 
DCS trunks to-a- high- density ‘of potential users 
engaged in fluid-tactical: situations. 

c. Contingency Operation. In this 
pplication the DCS facilities are extended to 
‘support a. military Operation or. humanitarian 
effort. In this connection, the capability of the 
satellite subsystem can Se used to advantage to 


* support rapidedeployment and to furnish reliable 


long-distance URIBE: service within a. minimum | 
time. 

‘d. Command and ‘Control of Widely © 
Deployed Forces. HF communication to 
elements of widely deployed forces is difficult 
even under ideal propagation conditions. On ‘the 
other hand, the capabilities of a satellite 
subsystem offer rapid, reliable ‘communitation 
bétween.and- ‘among mutually supporting theater 
and:fleet commanders. A satellite subsystem-also- 
possesses’ the necessary flexibility for, system 
configuration ‘without loss of contact. during 
sudden ‘or frequent - headquarters displacement. 

e: Tactical Communications. With the 
development of suitable antennas and 
equipments that can be inst lled in most -types 
of ships and aircraft, satellite communications 
will be able -to, fill: the requirements for various 
tactical commynications, such as ship-to-ship, 
ship- to-aircraft, ship- to-shore-to-ship, and 

aircraft-to-ship. This typé of \communications . 
will be more reliable and: .less subject to 
detection than methods presently i ‘in*use. 

f. Fleet Broadcast and‘ Ship-to-Shore. 
Present fleet broadcasts and ship-to-shore 
communications rely Heavily upon HF for 
communication ovér extended distancés. As 
with tactical communications, a satellite 
subsystem will’be more reliable and less subject 
to detection. This will ensure reliable long-range 
links bétween major fleet units and naval 
communication stations ashore and -will 
simultaneously enhance fleet security. s 
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‘ADVANTAGES OF . 
SATELLITE. COMMUNICATIONS ° 


s 


: Satellite Cc 
advantages -over 
long-distance Service. Satellite links are 

that- interfere ‘with HE radio,.are ‘free -from the 

high attenuation of wire-or cable -facilities,;and 


the numerous intervening repeater stations 

which ate required for liné-of-sight or 

troposcatter links. They can.furnish the greater 

reliability and flexibility of service needed. to 
; ‘support a military ‘Operation. ! 
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Capacity , 
Altbough. existing commercial »satellite 
Communication ‘Systems -are- capable of handling 
undreds of _voice-frequency channels, the 
‘present: operatiorial ‘military. conimunication 
* satellite system, the- ‘Phase I Initial Defense 
Satellite: Communications. System {IDSCS),. is 

. dimited: to legs‘than:.a-dozen voicechannéls_per 

; earth_terminal. 
channels, each: capable of handling-elevén-voice 


7 


‘both the -up link and down link; however, the 
power: limitations: of the Phase I satellite: -on the 
down‘link prevents the use df:more than: two RF 
channels ‘simultane eously, (one full duplex 
circuit). The: Phase il. DSCS- satellites, now. und 
contract, will have° greater channel: -capabili 
with a eonsiaaigbly wider RF bandwidth. 
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* Reliability 


‘ > 


Since propagation of ‘communication 
satellite frequenciés is not dependent upon 


4 


reliability of active satellite communication 
systems. is limited, essentially, only by the 
reliability of the equipment emploved and the 
. skill. of the opéfating and maintenance 
‘personnel.’ This improvement in reliability is..a 
remarkable advantage fot Navy.communications, 


propagation for..most tactical Communications. 
Q : af ‘ 
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fe) unications offer unique 
poration transmission for 
unaffected. by the propagation abnormalities. 


care capable, of spanning Jong distances without _ 


2 


Four: séparately. ‘assigned. 


‘channels, are.available-in-each-IDSGS satellite on- 
"\ 


, Te flection or refraction and is affected only . 
” slightly by atmospheric phenomena, the™ 


so. long dependent upon, unreliable HF, 


= 
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Vulnerability 

- Within ‘the suetenit ae of art in- socket 
destruction of an orbiting vehicle is possible; 
-however, destruction of a single communication 
satellite would be quite difficult :and-expensive. 
The cost would. be excessive. compared to. the 
tactical advantage gained. I[t would-be 
particularly difficult to destroy an entire 
multiple-satellite: system-such as the twenty-six 
random-orbit satellite system currently in-use in 
the IDSCS. The earth terminals offer a more 
attractive target for physical destruction, but 
they can-be protected by the sarme measures that 
are’ taken to.protect other vital. installations. 

A high dégree of invuinerability to-jamming 
is-afforded=by the highly: directional antennas: at 
the earth ‘terminals and by the wide bandwidth 
system which can accommodaté sophisticated 
____afiticjam modulation techniques’ such as spread: 

epectmimn and’ frequency hopping. : 

: 4 
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Flexibility | 
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~Almast atl -of the existing operational - 
‘military satellite earth terminals are housed in 
transportable ‘vans that can ‘be loaded ‘into cargo 
, Planes and flown ‘o remote areas. With trained 
crews these ‘terminals can be puf into operation 
.in a, matter or ‘fours. Therefore, direct long-haul 
communications can: ‘be established’ quickly .to 
.femOte areas ‘nearly anywhere in the free- world. 
(The present and ‘proposed DSCS: satellites 
es slight coverage in the _polar regions at 
mautides greater’ than-70 degreés.) 
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LIMITATIONS : 


* Limitations of a satellite, communications 
system are determined by the satellite’s 
‘technical characteristics and its orbitat 
parameters. Active communication satellite 
systems are limited by. satellite transmitter 
power. on ‘the down. links and to a lesser extent 
_ by: satellite receiver sensitivity on the up links, 

Early communication satellites have also been 


limited. by low gain ‘antennas. 
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Satellite. Transmitter 
Power. Limitations 

The amount ofpower available in.an_ active 
‘satellite is limited by the weight restrictions 


imposed on-the satellite. Early communication ° 


satellites’ were limited to a few -hundred pounds 


- because of launch-vehicle payload: restraints, The” 


only feasible power source consistent -with the 


* above weight limitation is the inefficient: solar 


cell. (Total power generation in the Phase ] 
IDSCS satellites is less than 50-watts.) Thus the 
RF power output is: severely limited, and a 
Telatively weak signal is transmitted by the 
satellite on the down-link. The weak transmitted 
signal; further diminished by. propagation losses, 
resalts in a very weak signal: eing available at 


_ the earth terminals. T he level-of signals received 


from a satellite is Comparable to the 
combination of external atmospheric noise and 


‘ “internal noise of standard receivers. 
» Consequently, special techniques must be used 


1A FuitToxt Provided by ERIC 


“com munication~information-from~the-recéived 


t 


to permit extraction of ‘the desired’ 


signal. Large, high. gain antennas and special 
types of preamplifiers solve this. problem but 
add. complexity and size to: the earth terminal. 
(The smallest terminal in the IDSCS has an 
18-foot. antenna and weighs 19,500 pounds.) 
Development of more efficient ‘power sources 
and -relaxation.of weight restrictions will-permit 
improved satellite performance and increastd 
capacity. . : 


. Satellite Receiver eS 


Sensitivity 
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* Although powerful transmitters and highly. 
directional antennas can ‘be used at an earth 
station, the spherical wavefront of the radiated’ 
‘signal Spreads as it travels through space. The 
satellite antenna intercepts only a small amount 
of the transmitted signal power and, because -of 
its. low gain, a relatively weak’ signal is received 
-at the satellite receiver. Although the strength of 


. , the ‘signal- received’ on the up link is not as 


critical as that received on the down-link, careful 
design of -the RF stage of satellite receivers is 
required to achieve satisfactory. operations, 


% te 105. 


Development of ‘stabilized , high. gairr antennas 
and improved RF input Stages in thé receiver 
will make this problem less critical, 


Satellite Availability == = 


The availability of a satellite to.act as a relay 
station. between two earth terminals depends on 
the locations of the earth terminals and :the 
orbital parameters of the-satellite. All satellites, 


. except those in a synchronous. orbit, will-be in 


view of any given: pair of earth stations only-part . 
of the time. The length of time that a 
-nonsynchronous satellite in:a circular orbit will 
‘be in the zone of mutual - visibility depends upon 
the height at which the satellite is circling. 
Elliptical orbits cause the satellite zone of 


smutual Visibility bétween any two earth . 


terminals to vary ‘from. orbit to orbit, but the 

‘times of mutual visibility are predictable. See 

figure 614 for an illustration of the zone of 

mutual visibility. ; rs. 
© FUTURE SATELLITE 
COMMUNICATIONS 

‘ When satellite communications are. well | 

established and Navy Ships have need for 


‘permanent terminals, a new type will be 


integrated into the ship and be fully. compatible 
with. other electronic systems and equipment. 


> ZONE" OF 


MUTUAL VISIBILITY ‘. 


|. 


} 


\ STATION NO. 1 
ae ‘PATH OF SATELLITE” 


"31,108 
Figure 6-14,—Zone of mutual visibility. 
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When this happens, the number of conventional 
transmitters and receivers aboard ship can be 
reduced. Confmunications. via satellite will 
augment existing communications as part of the, 


“ overall system for the. command and control of 
naval forces. Satellite communications will not nee 
‘replace all existing means of radio 


communications; however, it is a‘major step in 
modernizing Mavy communications and will 
relieve the Navy of its total:dependénce on HF 


tadio transmissions, ultimately reducing the 


need for many HF ground stations overseas. 
The. survivability of reliable communications 


* for the command and control of our strategic 


nuclear forces is of paramount importance to 


° 


» the credibility of our detepcat Tor this reason 


the “Department of Defense is engaged in the 
development of new co mmunicaticns techniques 
and systems, including some that are space 
based, to improve the survivability—of. our 
Strategic communications against nuclear and 
electronic attack. 

For more information on Satellite 
Communications refer to NTP 2, Navy Satellite 


" Operations. This publication was designed «to 


concisely explain. the Navy’s role-in Phase II of 
the Defense Satellite Communication System 
and to promulgate procedures for effective, 
coordinated utilization of available satellite 
resources.- 


CHAPTER 7 


" WAVE PROPAGATION AND ANTENNAS 


In the two previous-chapters we studied.the 
basic concepts of the various Communications 
systems. Essential to communication systems is 
the theory of. transmitting RF energy through 


space and the various conditions affecting its. 


progress from the point of transmission to the 
point of reception. - . 


This chapter will present in a simplified: 


manner the basic theories involved in 
propagating radio: waves, the characteristicsof 
antennas designed to radiate radio waves, and 
the different antenna configurations utilized in 
communication systems. 


” 


BASIC RADIO 
COMMUNICATION SYSTEM 


In’ any tadto system, energy in: the form of 
electromagnetic (radio) waves is generated by-a 
transmitter and ‘fed to an antenna by means of a 
transmission line. The antenna radiates this 
- ‘energy out into space at the speed of light 
(approximately 186,000 miles. per. second). 
Receiving antennas, placed. in the path ofa 
traveling tadio wave, absorb part of the radiated 
-énergy and send it- through a.transmission line to 
a receiver. Thus, components. required: for 
successful transmission of intelligence by means 
of ‘radio waves:are a transmitter, a transmission 
line, a transmitting antenna, a medium through 
which radio waves travel (for: example, the 


~ transmission line losses may combine to make . 


atmosphere surrounding the earth), a receiving, 


antenna, another transmission line, and the 
receiving equipment. Figure 7-1 is a block 
diagram showing the arrangement of these 
‘components. : 

Successful communication by méans of 
radio waves depends chiefly on the power of the 
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.transmitter, frequency used, distance between 


transmitter and receiver, antenna configuration, 
and’ ‘sensitivity (ability to amplify weak signals) 
of the receiver. The ability of the earth’s 


atmosphere to.condu-t energy to its destination, . 


together with the nature -cf the ‘terrain. between 
sending and.receiving points, may be responsible 
for the frequency selected: Interfering signals 
can make reception impossible-at-a-desired time. 
Moreover, the amount of noise -present and 


unintelligible an otherwise good signal. 


VARIOUS COMPONENTS OF ‘ 
A PROPAGATED ELECTROMAGNETIC 
WAVE 


When a radio wave leaves a vertical. antenna 
the field pattern of the wave resembles-a huge 
doughnut lying-on the ground: with the antenna 
in the hole at the center, as seen in figure 7+2. 


Part of the wave moves outward in-contact with. 
the ground to.form the GROUND WAVE, and- 


the remainder of the wave moves upward and 
outward to form the SKYWAVE, as shown in 


figure 7-3. The ground and sky. portions of the. . 


‘radio wave are responsible for two different 


methods of carrying the intelligence from 
transmitter to-receiver. The ground wave is used 


‘both for short range. communications at -high 


frequencies with low power and for long range 
communication at low frequencies-and with very 
high power. Daytime reception from most 
commercial stations is carried by the ground 
wave. 

The sky wave is. used for long range high: 
frequency daylight communication. At night, 
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Figure 7-1.—Basic radio communication aystere 
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Figuze 7-2,.—Vertical antenna field pattern. 
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the sky wave provides a means for long range 
contacts.at somewhat lower frequencies. 


GROUND WAVE 

The physical mechanics of ground wave 
propagation are less complicated than. those of 
sky wave propagation. Ground waves are 
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propagated within the troposphere (the first 7 to 
10 miles ‘above the’ earth's surface). There are 
fewer yariables-involved, and these are not 
subject to. such randém behavior and extréme 
excursions. as is the case for sky wave 
transmissions. 

Refraction (bending) im the troposphere of 
electromagnetic energy (radio waves) toward the 
earth’s surface accounts for. the tendency of a 
ground wave'to follow the contour of the earth’s 
surface and thereby achieve transmission 
‘ distances beyond the line of sight. In the 
troposphere, the amount of refraction normally 
décreases with height so that a ground wave is 
bent or tilted toward. the earth in a. manner 
similar to the. refraction of, radjo. waves in the 
ionosphere. 

The\detraction effect: of’ an obstacle’ in the. 
path of a\radio- wave is shown in figure 7-4. The 
resultant wave fronts-are’ distorted, and:.the wave 
front is extended downward. Instead of, being 
shielded, an antenna erected at point A’ would 
receive someé energy from the transmitting 
antenna. ‘ e 


The ground wave .is responsible for most of 
the daytime broadcast: reception. As it passes 
over. and through: ‘the. ‘ground, this wave induces 
a voltage:in the earth,‘ setting up eddy currents. 
The. energy used to ‘establish these currents. is. 


* absorbed from the. groiind wave, thereby 


weakening it as it’ moves away from the 
transmitting antenna. Increasing - ‘the frequency 
rapidly increases the attenuation so that the 
ground wave ‘transmission is limited-to relatively 
low frequencies. Shoré base transmitters are able 
to-transmit long range ground wave transmissions 
by using frequencies between 18 and 300° kHz 
with extremely. high power.: 


~ Since the. electrical: propérties of the earth” 
“alone which the: surface wave‘travels are 
relatively constant, the signal strength from a 
given station at a given *point is-nearly constant. 
This holds. essentially true-in-all localities.except 


those having distinct rainy and dry seasons, | 


There the difference in the amount oft moisture 
causes the conductivity of the soil to change. 
The conductivity of salt water is 5,006 times 
as great as that of dry soil. High power, low 
frequency. transmitters are placed as close to the 
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+ Figure 7-3,—Grourid and sky waves, 


4" 179,499 
Figure 7-4,—Diffraction of transmitted energy 
by siarp edge of a mountain, 
"edge of the ocean as practical because of the 
superiority of surface wave conduction by salt 
, water. nk 


SKY WAVE. 


That portion of thée.radio wdve wi.ich moves 
upward: and outward is not in-contact with:the 
‘ground and: is called the SKY WAVE. It behaves 
similarly to the ground wave. Some of the 


energy of the sky wave‘is-refracted (bent) bythe _ 


ionosphere ‘so that ‘it comes back toward the 
earth. Some energy is lost in dissipation to 


cd 
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particles of the atmospheric layers. ‘A--receiver 
located in the vicinity of the returning sky Wave 
will receive strong: signals even though several 
hyndred- miles -beyond.the range of the ground 


. Wave. . 


o 
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IONOSPHERE - . 
The ionosphere sis fo.nd ‘in, the very .high 
atmosphere approximately 30 to 250 miles 
.above the earth, It differs from other ; 


‘ atmospheric parts in that it contains a much 


higher numbei“of positive and negative‘ions. The 
negative ions are believed to be, atoms whose | 
-energy levels have beeir raised to .4-high'level by | 
solar bombardment of. ultra-violet-.and- particle 
radiations. The rotation of the earth on its-axis, 
the annual course of ‘the-earth.around the-sun, 
and the development of sun spots all affect the 
number of ions present in the ionosphere, and 
these in turn affect the quality and distance of 
electronic transmissions. ; . 
The. ionosphete is constantly changing. Some 
of the ions are returning to their normal energy . 


level, while other atoms are being raised to a... 
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higher energy level. The rate of variation 
between high and low level of energy depends 
upon the amount of dir present and the strength 
of radiation from the sun. 
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RADIATION 
FROM 


STRUCTURE: OF 
THE IONOSPHERE 
‘Densities of ionization in the- ionosphere 

‘tend: to peak -at-various heights above the earth. 
as a result of diffeyerices in the physical 
properties. of ‘the atmosphere at different | 
‘heights. The levels at which.the-electron density ~ 
“+, reachés a maximuni-are-termed layers, and these 
_ are identified’.as the D, E, Fl, ‘and F2 layers in 
order ‘of increasing height and . ionization 
density. Actually, there is-thought to be no sharp . 


dividing: fine between layers, but.for. the purpose e . _ 34.109 

of discussion, such demarcation is indicated: The . Figure 7-5.--Distribution of layers in the: 

rélative. distribution of these layers above the , . . _ + *ionosphere. . 
- earth ‘is stiown in figure 7-5. The number of a - ve : oe 


layers, their heights, and their sionization. be practically useless. as an aid to HF -radio 
(electron) density yary ooth geographically and communications. The density of electrons in the 


‘with time. * E layer is usually great enough. to: refract to co 
j pute ; earth radio waves at frequencies as high as 20 ” 
D: Layet. ’ ° ; MHz. The height of this layer and its refractive 


. properties make it important for daytime 

The D ive lies between ‘heights of about 30; . propagation at distances.less than approximately 
and 55 miles above-the earth, and absorption in 1200 miles. Longer distance transmission via the 
this layer is the principle cause of the daytime E layer is usually impractical.because cf the low 
attenuation of high-frequency sky waves. The-D layer height and correspondingly low. vertical , 
layer. exists only in the daylight hours and its angle of departure of the transmitted wave. With. Be 
ionization density correlates with the elevation this geometry, multiple reflections between. the 
angle of the sun. Compared to the other layers E layer and the earth’s.surfacé are:required ‘for 
‘at higher altitudes the electron density is lorig-distance transmission, and a wave following 
relatively low, but the free electrons are excited such @ path suffers pronounced , absorption 


2 
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. by the presence of an electromagnetic wave. durihg its travel-through the D and E layers. 
Pronounced energy losses occur because of An unpredictable phenomenon associated 
collisions between the -électrons and the. with the E layer is the Sporadic E, abbreviated 
Applscules: of the atmosphere. Es. Irregular cloud-like areas of unusually high | 
: ; . : ionization often occur nedr the height of”: 
E Layer ; os maximum ionization of:the regular E layer. The 


physical “processes ‘that produce the quite: 

The E layer, second.in. order of height, exists unpredictable E ionization are not fully known, 

between 55 and 90 miles above the earth’s but the frequency of occurrence and the degfee 
surface with maximum density relatively of ionization -vary significantly with latitude. 

‘ constant at about 70 miles. The variations of Sometimes the Es layer, or cloud, is opaque to 

this layer are regular and quite predictable. The | _radio waves and blankets thé upper layers. wat 

intensity of ionization follows.the-sun’s altitude other times.the Es may be so-thin that, although 

closely, reaching.a maximum about noon, and its presence can be Verified, radio waves “se Q 
fading to such a weak level during the night as to penetrate it — te be returned, by the upper 
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layers. ‘TRese characteristics can be eitherhelpful 


or harmful to radio communications. 
‘example. blanketing Es may block propagation 
via a more avorable regujar layer in a certain 
frequency range or cause additional attenuation- 
‘at other frequencies. Partially reflecting Es-can 
cause serious multipath interference. especially 


For 


_ detrimental to data-transmission systems. On-the © 


“other hand, Es may enable long-distance 
“transmission at very high frequencies, or may ~ 
permit short-distance transmission to locations 
that would ordinarily:bein-a skip zone. | 


F Region — . * 


For HF radio communications, the F région 
is the most important part. of the doriosphere. 
Long term studies of the structure of the F 
region by remote probing techniques show 
conclusively the existence.of two distinct: layers, 
called the Ff and -F2 layers. These-two merge at 
night into a single F layer at a height of 170-to 
200 riles. During the day, the -FI layer has a 
lower limit of approximately 100 miles, while 
the F2. layer ‘has a lower limit of about 160 to 


' 250 miles depending upon.the season of the year 


and. time. ofthe day. 


Fl LAYER.+The FI ives has not — as 
well ‘defined as the F2 layer in terms of its 
predictable. characteristics. This layer 
occasionally is the refracting region for HF 
transmission, but usually oblique-incidence 
‘Waves that penetrate the EJayer also penetrate 
_the Fl layer and are bent earthward by the F2 


‘layer. The principal effect of the Fi layer is to - 


introduce additional absorption of such waves, 


F2 LAYER: ~The F2 layer is by far the most 
important Jayer for HF radio communications, 
and unfortunately, it is also the most variable. It 
is the ‘ndst highly ionized’ of all the layers and 
its height’ and idnization density vary daily, ~ 
seasonally and. over~the- 11 year sunspot cycle. 
The degree of ionization does not follow the 


_-altitude of the sun.in any simple. fashion, but it 


generally peaks. in the afternoon and decreases 
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gradually throughout the night. The-absénce of” 


the- Fl layer at night and reduction in 


absorption in the E layer cause nighttime:signal 
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intensities {and nvise) to be generally higher 


_ than they‘are during daylight hours.. . 


EFFECT.OF IONOSPHERE . 
ON THE SKY WAVE =. *, 


The ionosphere has ‘many cliar..cteristics. 
Some waves penetrate and pass entirely through 
it into space, never to return. Other waves 
penetrate but bend. Generally, the ionosphere 
acts as a conductor, and absorbs energy in. 
varying amounts from the electronic wave. The , 
ionosphere also, acts 4s an electronic mirror and 
refracts (bends) the sky wave-back ‘to the earth, 


as. illustrated in figure 7-6. Here the ‘ionosphere ‘ 


does by refraction’ what water does: to a.bearn of 
light. . 

The ability of the jonosphen! to return an 
electronic wave to the earth depends upon the 
angle at which the sky wave strikes the 
ionosphere, the frequency of the transmissions, 


and ion density. When the wave-from an- anterna : 
strikes the ionosphere at an angle the wave’ 
begins to bend. If the frequency and-angle are, 


correct and the ionosphere is sufficiently dense, 
the wave will eventually emerge from the 
ionosphere and return:to-the earth. If. a-receiver 
is located’ vat either of ‘the points B, ‘figure 7-6, 
the transmission from point A will be received. 


The sky wave in figure 7-7 is assumed -to be. 


composed of fays that emanate from the, 
antenna in.three distinct. ‘groups that, .are 
identified according to the angle of élevation. 
The angle at which the group |} rays:strike the 
ionosphere is too nearly vertical for the rays to 
be returned to earth. The rays are bent out of 
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Figuze 7-6. ~Refraction of the:sky. waves si the » 
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Lm " . Figure 7-7.-Effect of the angle of. po. on 

Bt a tee the area of reception. 

‘line, but pass completely éhesugh the ionosphere 
and are lost. -A currently popular theory on 
propagation is explained, as follows.: 

The angle made by the group 2. rays is called 


o% the-CRITICAL ANGLE for.that-frequency..Any 
, ray that leaves the antenna at an. angle greater 


than this angle (0) will penetrate the ionosphere. 


Group 3 rays strike the ionosphere at the 


smallest angle that will be réfracted and’ still 


‘return to.thé-earth. At any smaller,angle the:rays. 


__ will be refracted but will-not return to the earth. 
_¢ _ As the frequency i increases, the initiai arigle 
' decréases.” ‘Low frequency fields can be:projected 
’ straight. upward: and will be returned to the 
_ earth. The highest frequency’ that can bé sent 
directly upward and still be refracted. back to 
~ "the earth is ‘called the CRITICAL 
* FREQUENCY At sufficiently high frequencies, 


the ionosphere, they will ‘not be returned to the 
__ earth. The critical’ frequency is not.constant but 
. | Varies from one locality to another, with the 


time of day,,, season of the “year, and: with. the | 


siinspot cycle, ° 


Maximiiny Usable'Frequency . . 


” As the incident “angle is lowered from the * 
vertical, there is a:‘corrésponding increase in the 


‘frequéncy- which. will be returned to-earth. The 


° regardless of the angle’ at. which the ‘rays: Strike. 


be used for a communication circuit -are the 

_ height of the ionized layer used for refraction 
and the distance between the two ends of. the 
circuit. The maximum frequency which, will be 
refracted for a given distance of transmission is 
called» the maximum usable ffequency (MUF), 
The MUF is always higher than the critical 
frequency. 
Frequency of _ 

Optimum Traffic 


Experience.-has shown that the MUF may 
increase or decrease significantly, especially 
during daytime’ because -of. changes-occurring in - 


« 


athe ionosphere. Therefore, the’ frequency of °°" 


optimum traffic (FOT)-is: ‘used so’ that variations 
in the ionosphere will have: less effect on the 
communication’ circuit. 


“SKY WAVE PROPAGATION 

Sky wave_transfnission are those refracted. by 
the ionosphere.. Ionospliéte refracted, sky waves 
are generally the only usable” waves for long 
range communications. Figure 7-8 illustrates 
some of the many possible paths that radio 
waves of various frequencies: may take between a 
transmitter and a. receiver -by refraction in _the 
ionosphere. Some of the waves of too high a 
frequency (30 MHz and higher) for refraction by 
the ionized layer pass on through and are_lost-in 
space. Other components of the wave, which are 
assumed to be -of the correct frequency (helow 


a 


_ 30° MHz)- for ‘refraction frem the’ ionospheric 
layers, are returned to the earth; these waves. 


provide communications. Note’ also that the skip 
distance is the. distance from the transmitter 43 
the nearest point at which the refracted waves 

" return to. earth. The skip zone and its relation to 
the grourid ‘wave are.shown in figure 7-8. 


Note-the distinction: between the terms-SKIP’ : 


DISTANCE and SKIP ZONE. For each : 
_ frequency at which-refraction from an, : 
. ionospheric layer: takes. place, ‘there is a skip 
distance that depends on the degree of 
ionization present. The-skip zone, on’ the other, 
hand, depends on how far the ground wae 
_ extends from the transmitter and where the sky 
wave first returns to earth by refraction froin an 
ionized layer. The skip zone is the zone between _ 


factors which. determine the ace frequency to 
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the end of the ground. wave transmission and the 
‘ point on the earth where the sky “wave first 
_ returns from the ionosphere, + 


As-noted: Hein in the discussion. of the 

ionosphere, the\ higher the frequency of a wave, 
_the less it is iefracted by .a given degree of 
ionization. _ 
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Figure 7-8.~Various sky-wave transmission paths. 
4 ‘ : 


MULTIPLE-HOP TRANSMISSION 


J4 
The sky wave path of a signat propagated at 
two different vertical ‘angles is illustrated in 
figure 7-9, When the vertical angle is @1, the 
Signal-is returned to ‘the earth -at point A, 
reflected back to the.ionosphere and reappears 


_ at point B. Ifthe same signal is-transmitted at 


& 


lower vertical radiation angle 92, it can ‘reach 


Le < 


a 


TRANSMITTING. 
SITE . 


a 


point B-in‘a single hop. The signal trarismitred.at 
angle @1 will suffer more ionospheric and 
ground absorption losses than, that signal 
transmitted at angle $2..In general, single hop 
transmissions result in- greater field.intensities at, 
a distant point than multiple hop transmissions. 
By inspection of figuré .7-9 it is evident that 
longer distances can be covered: by multiple hop. 


are generally utilized for long distance 
transmissions, and in order to minimize the. 
number of,reflections of the signal in arriving at 
a distant point, lower vertical radiation angles 
are used, However, there is a limit to the 
improvement obtained: by low. angle radiation, 
because absorption and other factors make 
operation on vertical radiation angles ‘below 3 
degrees impractical. ; ‘ 


FADING : 


When a received. signal varies in intensity 
over a:felatively short. period of time, the effect 
is known as fading, which is one of the most 
troublesome problems encountered 7 in electronic 
reception. 


' Figure 7-9.—Path of a sky wave signal propagated at-two different vertical angles. 


‘in areas where sky waves are relied upon for 
transmission, Figure 7-10: shows two sky waves - 


transmissions. as the vertical radiation angle is: _ front arrived: at a distant point via the E layer 


decreased. Frequencies.in the-9 to 80 MHz range . 
- obtained. 
_ Outputs, This is known as diversity rere Buon: 


a few -miles above the earth. Norma aliy, the 


water. The air gradually becomes cooler as the 
altitude increases. Soinetimes, unusual-situations: 
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179.497 


; : 
There’.are ‘several conditions which can 
produce fading. One type of fading is prevalent 


traveling paths of differént lengths, thereby. _ 
varying about the same point out of phase and 
thus producing a weakening of the signal, For, 
instance, if a portion of the transmitted wave 


and another via «the F layer, a complete . 
cancellation of signal. voltages would occur if the ° 
waves arrived 180 degrees out of. phasé and with 
equal amplitude. Usually, one signal is weaker 
than ,the ccher; therefore, a uso signal is’ 


One method of overcoming * fading i is to place 
two antennas a wavelength apart, feed two 
separate receivers, and combine the audio 


4 


’ ‘ < ; 


4. 
Unasuai ranges ‘of VHF ead UHF contacts 
are caused by abnormal atmospheric conditions 


pucti eid 


warmest air is found near ‘the surface of the 


179.498. 
". Figure 7-10. —Fading caused by arrival of two 
‘Sky. -Waves at the same point (R). out of ane 


“develop where warm layers of air ate “found 
- above ‘cooler layers. The condition is known as 
; TEMPERATURE. INVERSION. 


F o 


When a temperature inversion exists, the 


we o> émount of refraction (index -of refraction) is _ 


different for the particles. trapped within the 
eer -—<boundariés from those -outside them. These 
differéinces form channels or ducts that will 
conduct the radio waves inany miles beyond the , 
~ assumed normal range., 
" Sometiines” these ducts are in 1 contact with 
the water and may extend a few hundred. feet: 
" into‘the air. At other times the duct will start at 
an elevation of between 500. and | 000 feet and 
extend. an additional 500 to 1, 000 tect in the 


‘ 


0 


~” 


2) Aan ahtenna-exiends into the -duct orif the ~ x 


wave ‘ertter¥ a duct after leaving-an antenna;.the: 
transmission, may be conducted for a Jong © 
. distance. 


TROPOSPHERIC PROPAGATION 
. The foregoing sections of. this siapter have 
Provided a diScussion of that Portion of radiated 


_ energy which is‘ acted upon ‘By the ionosphere 


and aeturned’ to earth and. alsa that portion .of 
radiated energy which ‘is propagated dlong the 
earth's surface. In this section, consideration is . 
given: to that part of the total radiatéd energy - 


«which -undergoés. reflections and refractions ‘itt 


the troposphere. ° i 

Refraction of radio. waves int the tronosphere 
“is-a’function of various. meteorological variables. 
Because of the ‘uneven. heating of ‘the earth’s, 
surface, the air in the troposphere-i is jn constant ‘ 
motion. This motion éauses small. turbulencés, 
or eddies, to be formed, These turbulénces are 
quite’ sitnilar to thé whirlpools. in a: rapidly. 
moving stream of water. The turbulence.is most 
intense near the earths surface * and eragually: 

1 ‘, diminishes with altitude. , ty 


For frequencies up to about 30 Miz, ‘radio. 


_Wwavelengths are. large Compared -to -the- size of 
-"the turbulences; therefore, the turbulences. have 
little effect on the transmitted signal. ‘However, 
‘as the frequency .is increased, these Jocal 
turbulences’ become increasingly- important 
because they are responsible fer. ‘tropospheric 
ea en UenSMESOT: . Meo A : 
as , ~ 
FORWARD PROPAGATION B BY 
TROPOSPHERIC SCATTER 
oe € 
This. scattering phenomenon - in the 


— 


- 


‘transmission of radio waves in‘ ducts formed by 


temperature inversions is shown in fi igure te II. 
With: certain ‘exceptions, ducts are foriied 
- over water where the following conditions are 
4 observed aboard ship: 
I A wind.is. blowirig from the land. ° 
2. There is a stratum of quiet dir.. 
3. High pressure, clear skies and little wind. 
4. -Cool breeze. over warm open ocean. 
- $. “Smoke, haze, or dust fails to-rise’.- 
.6, Received signal is fading rapidly. 


‘ 


‘troposphere. ‘Ts based on ce theory that 


“2 


‘An- example of this type. oe. 


- . 20.25 
Figure 7-11.—Duct effect in high piss . 
: transmission. 


a 


” 


’ turbulences. prevailing in the troposphere cause 
scattering. ‘of the signal beyond the horizon, and. 
> take place primarily when operation isin the’ 
UHF range.’ The scatter effect is the same as if 
each turbulence received the signal and ” 


reradiated it. When properly engineered, 
is Forward Propagation by Tropospheric Scatter 
(FPTS) is reliable up to distances of 600 miles. 

The word “scatter” implies that the. 
spreading of energy ‘is equal in ail directions; 
. however, the direction. of energy distribution i in 
‘tropospheric scatter propagation differs only 
. slightly from the, direction of ,the path of the, 
main wavefront. The scattering Occurs.chiefly-i in’ 
the forward direction; therefore, the term: 
‘‘forward, scatter” is sometimes used. when, 
talking about tropospheric scatter. 

The magnitude of the received signal 
depends on the number of turbulences causing 
scatter-in the desired direction:and the direction 
and: gain of the receiving. antenna beam.. This 


‘* quantity or magnitude is-called the scatter 


volume. The scatter volume.and scatter angle are 
_ shown in figure: 7-12. As the scatter angle is 
_ineréased, the amount of received scattered 
eneray decreases very rapidly. 

The amount of received energy decreases as 
_the, height of the scatter volume is increased. 
There aré two reasons for this: (1). scatter angle 
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increases as height is increased, (2).th: amount 
of turbulence decreases with hvight. As the 
circuit distance is increased, the height of the 
scatter volume must also be increased. 
Therefore, the received signal level decreases. as 
the circuit distance is-increased. 

Since tropospheric scatter depends or 
turbulences in the atmosphere, changes in 
atmospheric conditions will affect the received 
signal level. Both daily and seasonal variations 


ure noted. These changes are called long-terfn 
fading. In addition to long-term fading, 


the 
tropospheric scatter signal often hag 
characterized by very rapid fading whith is 
caused by multipath propagation. The signals 
received at any-one time are the sunt of all the 
signals received from each of the turbulences in 


_ the volume. Since the turbulent condition is 


constantly changing, the path Jengths and 
individual signal levels are also- changing, 
resulting in a rapidly changing signal. Although 
the signal level is constantly changing, the 
average Signal level is persistent, and no 


complete fade-out occurs. Be 


Another characteristic of a tropospheric 
scatter signal is its relatively low power level. 
The scatter volume*can be pictured as a relay 
station, located above the horizon, receiving the 


transmitted energy and reradiating it to some 
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' . 50.148 
‘Figure 7-12.—Scatter propagation. < : 4a 
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Point beyond the line-of-sight distance. Since OBLIQUE IONOSPHERIC SOUNDER 
most of the transmitted edergy is not reradiated. | RECEIVER AN/UPR-2 


to the receiver, the efficiency is very low. and : ; 
_ the signal level at the final receiver point‘is low, - The Jonospheric Sounder Receiver is an ‘ 
’ To compénsate for the low efficiency’ in the ~ equipment that will-aid the fleet communicator 
scatter volume.:the incident power must be high. in frequency-selection. .As previously stated, the 


This is accomplished by using high-power key to. frequency selection is the condition of 
“transmitters and high-gain antennas which the “ionosphere midway ‘between- the two 


concentrate the transmitted power info a beam, stations that are communicating. Frequency 
‘thus increasing the intensity of energy on -each selection with the aid of the, Jonospheric 
turbulence in the volume. The receiver must also Sounder Receiver is accomplished in the 
be very sensitive to- detect the low level signals, following manner. A transmitter stationed _ 
ashore sends a series of pulse sequences at, 

ae Precise times specified by its published 

FREQUENCY SELECTION — transmission schedule. The sounder receiver. jis 


programmed to-automatically tuné to each-of 80 
oo - . frequencies in the range from 2-to 32 MHz. The 
Radio wave propagation, conditions have. tuning changes must occur at exactly the right 
their greatest effect on MF/HF circuits between times and allowances must be made for the time 
ships and. stations ‘separated by grert distances: taken for the signal to travel from the 
Frequency: selection in the ME/HF range. is ° transmitter to-the receiver. Frequencies: ‘that 
determined by propagation conditions, _..-Propagate are dfsplayed on a. scathode-ray 
frequency authorizations and frequency oscillograph: in the form of an Jonogram. The 
availabilities. The sky waves of higher - Ionogram also shows multipath propagation . 
frequencies: can ‘be ised during the daytime,. which produces excessive distortion and the 
while lower frequencies must be used at night. effects -of solar flares which cause increased 
’ The key to frequency selection is the condition ~ ° absorption of the lower range of frequencies 
Of the ionosphere midway between ‘the two that propagate.. = : 
, stations. NTP 6, SUPP-1 or other’ freqtiency . _ The, Technical Manual contains tables that 
- prediction information is used’ to deterfiine the list the operating procedures of the AN/UPR-2_ ° 
- fecommended frequency band. The- selécted in a logical sequence. 
frequency. is monitored to be sure it -is not é : ; ; 
already in:service. OS FREQUENCY PLANS - ° 
In all other frequency ranges, circuits usually . jee 
‘operate—under-semi-stable—propagation- ~~-~Frequency~ plans contain information .and’ 
- conditions, and frequency selection is based on guidance for intra-service, joint, and. combined . 
frequency authorization and frequency use, and for-operating.in specific areas. JANAP 


availability. . 195 contains information-and guidance for U;S. 
> * Navy and Marine-Corps use; supplements to ACP 
wane: ; 176 contain information for units operating 
FREQUENCY PREDICTIONS . + ' with NATOand SEATO pact nations. 
The Institute *for Telecommunication - .- .. ; 
Sciences, previously known as-the Central Radio ‘ ANTENNAS 
Propagation Laboratory of the National Bureau ee 
of: Standards, receives and analyzes ionospheric _ An antenna is a conductor or a system of 
data from many stations: throughout the world. © conductors for radiating (transmitting) or 


These ionospheric data are utilized by the intergepting (receiving) radio waves. In its 
Armed Forces as well:as by many other users to elementary form, an antenna -may be simply a 
‘Produce Monthly Median Frequency length of elevated wire- like: the common 
Predictions. receiving antenna for an ordinary broadcast 


~ 
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receiver. If an antenna is fed a radio-frequency 
current from a transmitter, it. will radiate 
electromagnetic waves into space. If an antenna 
is placed in the path of an electromagnetic -wave 
traveling through space, a radio frequency 
current. will be ‘induced in the antenna. The 
induced current is used as the input to a 
receiver. However, before discussing specific 
types of antennas, it will be helpful to discuss 
several terms which are used to describe the 
characteristics of antennas. : 


“ELECTROMAGNETIC * 
-WAVE-MOTION: 


The moveinent of waves in a pond and the 
movemént of electromagnetic waves have 
characteristics in. common. ae 

Suppose you are standing at the edge of a 
small pond of water. The surface of the pond-is 
smooth and unbroken except for a few dead 
leaves floating near your feet. If you toss a-stone 


into the center of the pond, ripples spread out _ 


from the place where_the stone struck the water. 
In a. few moments, the disturbance reaches 'the 
leaves floating-near you, and they begin to bob 
-up-and down. The energy imparted by the stone 
has made itself felt’ acrdss the surface of the 
pond; as shown in figure 7-13. _ 

When the stone iis tossed into the pond, it 


Y 


sets up a disturbance.at the place where it strikes ; 
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Figure 7-13.—Wave motion in pond. 
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the water. With the disturbance as the center, 
waves are produced which move outward in 
expanding circles. As each circle impves out 


toward the edge of the-:pond. a new ong turms.-at | 


‘the center. Eventually, the waves,/cover the 


surface of the pond, and the leaves are bobbing 
up and down as each wave passes. Notice that 
the leaves are not carried along With the wastes 


and washed up on the shore, but have only an. 


up and down motion. This is because the water 
on which the leaves float is not moved sideways 
by the waves. The only effect’ of tlie wave is to 
raise or lower each particle in its path. The part 


of the wave that raises a particle is called te’ 
crest; the part that lowers a particle is called-the ~ 


‘trough. . - 


Suppose that a source of RF energy. such as 
a-radio transmitter, is connected to an antenna. 
The antenna sets up fields in, the surrounding 
space, and the resultant waves are propagated in 
all directidns in the form of expanding 
concentric circles, as shown.in figure 7-14. When 
these waves encounter some device, such as a 
receiving antenna, on which they can act, some 
of their energy is given up to that device. The 
essential fact in this picture is that energy is 
transmitted by means of wave motion- in this 
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Figure 7-14.—Electromagnetic wave motion in space. 
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ge 
case by electromagnetic waves, Some’ ‘of the 
energy produced by the transmitter is 
transferred through space to. the receiver in 
somewhat the same way, ascsame of the energy 
of thé stone tossed in the pond was transferred 
through the-water., - ; 


oe - 
oo 


Thé velocity of ‘these electromagnetic wayes 
moving. through space is: found in the same 
Manner as the velocity of the water waves. ‘It is 
the distance divided by the time required to 


Chapter. 7-WAVE PROPAGATION AND ANTENNAS 


cover that distance.’.Instead of taking any - 


distance, suppose you. gonsider the distance 
‘Tom the crest of one wave to the crest of the 
next. This is the length of -one wave, or one 
wavelength. The same distance can also be: 
- measured: from the trough of one ‘wave to the 
. trough-of-an adjacent wave. The.eléctromagnetic 
wave in space ‘has definite ‘wavelength. which.can 
.* measured’ in the manner just described. It is 
sually measured'in meters, and its symbol is the 


Pee eee 


300,000,000 
‘avelength in méters = > 
: ; 7 Frequency (in hertz) 


‘For example, to compute the length of a full 


wave antenna for use on 10,000 kHz proceed as - 


follows: - 


A. VERTICAL POLARIZATION 


H-FIELO 


: 


* 
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‘Figure 7-15.—Vertical and horizontal polarization. ~ 


300,000,000 = 


000, 30 meters, or, since. 
_ 10,000,000 1 meter = 3.28 feet! 


30 X 3.28 = 98.4 feet 
If half-wave or quarter-wave. antenna values are 
desired, simply divide thé result by 2 or 4. 


POLARIZATION 


A radio wave consists of traveling electric 
and magnetic fields. The magnetic field (H) 
produces-an electric ‘field (E) and the two fields 
(called the electromagnetic field) radiate into 
space. The polarization. of a wave -is determined 
by the direction of the-electric-lines of force (E 
field). If the E field is vertical, the polarization is 
vertical. Since the E field is parallel to the wire 
or arms of a simple antenna, an antenna that is 
Vertical. with respect to the earth radiates a 
vertically polarized’ wave, while a horizontal 
‘antenna ‘radiates a ‘horizontally polarized wave. 
Figure 7*15A represents thé vertical electric-field 

‘component of a vertical antenna. Figure 7-15B 
shows the horizontal electric:field component of. 


a horizontal’ antenna. Therefore, we refer'to the © 


antennas. as being vertically or -horizontally 
polarized antennas, 


Pt ‘ 


For low frequencies the polarization is * 


disturbed. and the radiation field- has the same 
polarization at-the distant receiving station that 
it -had at the transmitting anterina. When 
high-frequency transmission is used, the 


‘Polarization usually varies, sometimes quite 


rapidly. Therefore, -the polarization of the wave 
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B HORIZONTAL POLARIZATION ° 


E-FIELD 
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at the receiving station may or may not be the 
~same as the polarization of the wave at the 
-transmitting station. , 

When the antennas afe close to the ground, 
vertically polarized waves yield a stronger-signal 
close to-the earth than do horizontally polarized 
waves. When the antennas are at least one 
wavelength above the- ground, the two. types of 
polarization give approximately the same field 
intensities near the earth. When the antennas are 
several wavelengths uboye the ground, 
horizontally polarized waves yield a stronger 
signal. closet to the earth. 


Directivity 


All antennas are directional: to some extent 
(except for-a hypothetical unipole). This means 
that an antenna used. for transmitting will 
fadiate most of its: energy in.certain directions; 
an antenna used for. receiving will best: receive 
signals. from certain directions. The directional: 
characteristics of-an-antenna are. determined. toa 


great extent by its. design and’ the position-in - 


which it is installed. Thus. certain directional 
“qualities are. associated with each: type of 
antenna. The-radiation. pattern, which is. a.good 
‘indication - of the directivity of an. antenna or 
antetina array., ig plotted on a chart. 
Mathematical derivation of antenna. pattems for 
‘many “of. the more common types of antennas 
are given in Standard: antenna texts, and-will not 
bé. discussed .in this: manual. - © 

The following. three terms are used ‘to 
describe general oberon qualities of an 
antenna: 


OMNIDIRECT IONAL. Receives or radiates 
equally: well in all directions except of the ends. 


BIDIRECTIONAL. Receives or age 


efficiently in two.directions; for example, North 


- and‘South or East and West. 


UNIDIRECTIONAL. Receives or aldiates 


: efficiently i in orily-one direction. 


TRANSMISSION LINE 


You: make use of a transmission device each 
time you drive your car: The trdnsmission 


“ 


‘ 


transfers the power a the engine to the rear 
wheels; it is the connecting link. In radio we 
must have a connecting link between the 
transmitter and antenna. or between the 
receivers and antenna. This link is called a 


transmission line. The transmission line transfers 


energy from the transinitter to. the antenna or 
energy from: the antenna.to the receiver. If -the 
antenna could be built directly on the 
transmitter and the receiver, ‘then there would 
be no need for the transmission line. However, 
even ina compact installation, such as, a ship or 
aircraft, it‘is-not usually convenient to locate the 
transmitter or receiver near the antenna. Perhaps 


you have gained the impression that” 


transmission lines are used only for conducting 
radio frequency energy from one point to 


another. This is.not true. The lines that suppiy ; 


electrical energy to your house are transmission 
lines-just.as much.as are: ‘the wires: connecting one 


‘circuit to another. 


A transmission line:can therefore be detined 
as-a device for transmitting or guiding electrical 
energy from one point to another. A poor 
transmission line decreases the amount: of energy 
available at the transmitting antenna for 
radiation. or at the receiver for reception. 
Conversely, a perfect transmission line delivers 
the entire transmitter output to the antenna or” 


. the entire received. signal to the receiver. In such 


an ideal system, thie anténna alone radiates or. 
receives energy. 

RF transmission lines behave differently in 
different frequency ranges. An RF transmission: 


frequencies used in the- standard broadcast *rarige 
is not- likely to be usable in point-to-point 
aircraft communication “system. An RF 
transniission line can be expected to transfer 

energy efficiently. from one pojnt to another 
only at the frequency for which it, is designed. 


When this line is used at higher ‘frequencies, it ° 
will have greater losses. In practice this’ means- - , 


that different kinds of transmission lines must 


be available for use in different frequency 


v 


ranges. ; ae 
BASIC TYPES OF ANTENNAS 


a 


‘line “designed to operate at the relatively low ° 


_An invention often borrows the name of its- 


‘fnventor: This is-true-about two basic antennas, 


the Hertz and Marconi. 
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Half-Wave 


A basic form of antenna with. a length of 
one-half wavelength or a. multiple thereof is 
Anown as a dipole or Hertz antenna. (See fig. 
7-16.) This type -of antenna will not function 


. efficiently unless its length is one-half wave 
"length. (or a multiple thereof)-of the frequency. 


to be radiated or received. Therefore, this. 


. quent is hot, suitable when -a wide rango of 


frequtncies is to be used. A distinguishing 


_Chapter 7~WAVE PROPAGATION AND ANTENNAS 


CURRENT 


GROUND 


feature ofa dipole-antenna is-that it-néed not be ome : ANTENTA. } ‘ 
. connected to the ground as. are other-antennas / | Z : 
~“ which will be described later. At low if £-—!MAGE 
frequedcies, -half-wave antennas are rather long; ae 4 Jf CURRENT 
’ therefore they are used ptimarily at shore _ | vise. 1 3) 
installations where there is sufficient room. At [ | ae 
very high-and ultrahigh frequencies,. the shorter ; ! . be © 
_.. Wavelength permits. construction-using..metal----.--.-- = eee - 
Tods Or|-tubing. Depending upon the wave- ’ . 
polarization. desired, the.dipolé may be mounted ; 13.35 
either ,horizontally -or vertically. Transmission Figure 7-17.—Marconi antenna and waveforms of. 
linés may \be connected. in the center or at*the current-and voltage. ed : 


‘e. 
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Although the antenna itself. 


ends of thé dipole. Because ‘the dipole is an. 


above the.ground or other absorbing structures, 


oe Quarter-Wa 


A grounded antenna. which ‘ig one-fourth - 


‘wavelength; or any odd multiple thereof, of-the 
frequency to be radiated or received is known.as 
‘a Marconi antenna. (See fig. 7-17.).Noticé that 
the:transmission lines are con ected ‘between ‘the 
bottom of the antenna/and the ground.‘ 
is only a‘ quarter 
\ » ; Z . 
\ 
as ' 4 ’ . 
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Figure’7-16.—Half-wave (Hertz) antenna. 
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“antenna, ‘it’ ‘may ‘be ‘installed: ‘far ~~ 


wavelength, the earth acts as another 

quarterwave .antenna—the image antenna-shown 
in figure 7-17, Half-wave operation is-obtained 
by-aid of-this image. This.type of-antenna can be 


used on -planes and ships where the plane's: 


fuselage or the ship’s -hull -Provides- the imagé 
antenna. It is often practical to use a 


" quarter-wavé-antenna -where space is a-probiem. 
There are many variations of the quarter and. 


the-half-wave antenna as well-as many different 
types designed for special usé throughout the 
‘range of the radio frequency spectrum. They are 
often uséd as components of more complex 
antennas, Combinations. of elements, electrically 
connected and physically spaced in the proper 
manrier, can .be used to obtain many desirable 
fegtures;, Such: saa oan of elements are 
called ARRAYS... . i - 


‘COMMON. CCNFIGURATIONS 


. 
It is difficult to classify a-particular-type of 
antenna as strictly a shore station’ type or a 
, Shipboard type ‘unless, of course, its physical 
dimensions: are the fundamental considération, 
For this’ reason, several ‘antennas described in the 
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remainder of this chapter are used-both ashore. 
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aia aflouk even though: tliey may be: indicatéd 
as either typical shore station or typical 
shipboard types. The types described are merely 
a sampling of the many and varied antennas 
which willbe encountered. ee 
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- Horizontal Rhombic Antennas 


In its. basic configuration, a rhombic is 
composed. of four long horizontal conductors-or . 
legs, arranged in- the shape of a rhombus. The 
thombics used at Naval Security-Group: receiver 
* sites are generally the terminated, unidiréctional 
type’as shown in figure 7218. Horizontal. 
rhombic antennas are the most commonly. used 
antennas. for ‘point-to-point, HF naval 

_ communications. The main disadvantage of this 
type of antenna is the requirement for a large 


area. |, ; . 
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Multi-Wire-Rhombic 


A. rhombic antenna will improve in 
performance if more thara single wire is used to 
- form: each leg. By using three wires (see figure 
7-19). to form‘ each -leg~and connecting all of . 
them at, both ends to-a common. point, but 
spacirig them vertically 5 to 7 feet apart, at the 
side poles, an improved antenna known as a 
“curtain rhombic’” is formed. 
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TERMINATING 
RESISTOR 
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TOP view 


a gts oo 13.37 ° 
Figure 7-1 8.—Typical rhombic antenna. 


~- ———rather-than-point-to:point.communications. 


-Conicai Monopole Antenna. 


“s . 13.37 
Figure 7-19.—Three wire thombic antenna. 
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oieexe Antenna 


‘The ‘sleeve. antenna_is_ used primarily : as a 
receiving antenna in Navy Communications. [tis ~~~ 
a broadbanded, vertically polarized 
omnidirectional dntenna. Consequently, its 
primary applications,afe in broadcast, ~ 
ship/sharé/ship, and ground /air/ground service 

Originally, the sleeve antenna was.developed 
to fill the: need for a versatile antenna at shore 
stations, but-it has been modified: for shipboard +) 
use also. Figure 7-20 is.a shore station version of 
asleeve antenna. The shipboard sleeve antenna is 
shown in figure 7-21. - oe - ge 
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‘Conical monopolés are used extensively in 
HF Navy Communications. They were . 
devéloped to. fulfiil a need: for efficient 
broadband, vertically polarized, omnidirectional’ 
antennas that are compact in size. Their 


comparatively short height is a definite asset to 
_ be considered in conjunction with their 
‘excellent power ‘handling capabilities and broad a 


bandwidth. Conical monopoles are, readily 
adaptable to ship/shore/ship, ‘broadcast, and 
ground/air/grounc service. A conical monopole 
antenna is.shown in figure 7-22. Like the sleeve - 
antenna, it is used both ashore and aboard. ship. 


Wire Anténnas 


For some applications ashore, especially in ~ J 
VLF and LF transmissions, it is practical to use * 
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Figure 7-20.--Sleeve antenna: (shore station). 
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“end connected to the equipmerit. A long-wire ° 
. -anterina will. ysually be’ stretched between poles | 
‘Sg in such a manner that the wire is essentially. 
, " parallel to the surface of .the earth. (See fig.” 
"9133 -), Long’ ‘Single-wire 4ntennas are constructed 
_several wavelengths long; in some’ Gases: in the 
VLF ‘band, thé antenna may extend’ Several. 
miles. If a long-wire antenhazis five Or more 
./wavelengths, “the moré directional it will. be 
- ‘along its: axis. ex +S 


Q * * 
fi ee Wire. antennas (fi ig. 1-24); are: ‘installed pee 
‘ . 4 -ship for medium- and high-frequency. coverage, 
i Normally, they are not cut for a given 
°’ frequency. ,enetead, a wire rope:is strung. either 
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‘transmitting. antenhas j is uninsulated. 


an. antenna: ‘that is.simply along wire with one | - 
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-vertiéally or fiorboniaiiie from_.a-yardarm (or the 
-mist itself).to outriggers; another mast, or to the - 
supérstructure® If used. for transmitting, the wire 
antenna is une electrically to the desired 
frequency, 

. Mech. ‘larger’ wire is used. for shipboard 
,anténnas” ‘than, for land- installations. The larger 


wiré ‘is less likely to break under the strain of — 


shipboard. vibrations. Additionally, it ‘can be 
stretched: tighter td avoid sagging in hot weather. - 
‘The-’wire is twisted and stranded’ for additional 
‘ strength? Usually” ‘it is made. of phosphor-bronze, 
a material ‘that is‘ ‘nonmapnetic and. resists 


Corrosion, Wire -of recerving-aritennas ordinarily v 


is -covered: with a plastic.insulation; but wire of*: me 


 Reveiving” wite. ‘antennas a are 


installed. forward—on the~ship;—risifig-nearly-———_—_"" 


__ vertically from the. .pilothouse-top to brackets on | 
thé mast-or yardatm, They -are located: ‘as, far as 
possibile’ from: transmitting anterinas’ so. that -a°. 
minimum: of energy. is picked.’ up’ from ‘local: 


each receiving* antenna ‘terminates, in antenna 
transfer panels‘in radio § spaces. ie Z 4 


oe ° 


Transmissiog: lings oF the transmitting ° 
santenna may. ‘be of coaxial. cable: .Or ,copper,* 
tubing. They “are, ‘supported on standoff’ 
insulators -and.are enclosed in. rectangular. metal 
ducts. Called ‘antenna:trunks. Each tianstnission-: 
line ;connécts with an- individual, transmitter. or 
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. transmitters, The, transmission line-(lead-in) for | ee 
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withan’antenna: multicovele es ge og 
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The metal rings, ‘antenna: Keife’ switches, al 


antenna hardwire, ..and accessories associated 
with transmitting anfennas dre painted red. « 
Hardware and accessories ‘used’ with receiving 


reretving : oy 


Inverted Cont: Antenna Pane ar ae 
4 “ - a Tamed . ? 


as - 
: og 


Inverted cone antennas dient to- the one’ 


; married in figure 7-25 are aaa ae 


antennas are painted blue. This.color stheme is aes f 
., Safety precaution ‘in that it shows at a glance ‘ 
whether an antenna is - used, for Fadidting or 
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Pay r ‘ : % i es * Figure-7-21.—Sleeve antenrias for shipboard use. os a) 


omaidirectiona, : very broadbanded. radiators. 
‘This antenna is, Widely. used *in Navy HF 
communications in ship/shore/ship, broadcast, 
" and ‘ground/air/ground applications. The 


' t030°MHz, * 
. « The radial. ground plane that forms thr 
‘ground system for inverted; cones is typical ot 


Sanmj wwe anesesswewaaan 


". designed. Rrequency-Fanige is for. approximately 3. 


|" .40-30meSLEEVE-ANTENNA’ 6-18mnc- SLEEVE ANTENNA ' 


Pa 


the requirement for vertical ground mounted 


,antennas. The radial wires. are one-quarter 
wavelength long at. the lowest design frequency, 


anid: are space 3 degrees apart. 


_... HE inverted cones are. electiiéally similar to . 
_ conical monopole antenrias. Also, the inverted 


cones eter are more expensive than other 
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; Sy > AE AWAD *. ‘Figure 7-23.~Long-wire antenna. ae 
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“ 7 s5e 2 25214 2 
~ Figure 7-22.—Conical monopole antenna, ‘essentially self-supporting, may. be 
. * a _., deck-mounted, or mounted ‘on brackéts‘on the 
tate 2 ' : Stacks or superstructure (figure 7-26), The: 
“.éommonily used! HF omnidirectional vertical physical..characteristics: of tiltable whips’ for. use 
‘antennas, “. - along-the edges of aircraft carrier flight:deckss . 
oa, _f “and Tetractable whips for use aboard submarines > *_ 

ee : ~are. two ‘nore advantages of the whip antenna 
- Whip Antenna : , 4 d.° _ for shipboard -use: Whip..antennas used in HF - 


we 


‘ 


communications are’ made of tubular metal or 
fiberglass. covered. metal, They ate usually 35 - 
feet in. length; however, some models «are: 


‘Whip-type.dntennas have replaced-many wire: 
antennas aboard ship because they are.’ 
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Figure 7-26.—Whip afitenns. > 


adjustable from a length-of 2 feet is amaximum ° 
‘length: of 35°feet. Their widé.application-in' Navy 
. HF corimunications “is due primarily to their 


_ though it-is‘generally. assumed: that: HF whips are. 
designed: for. efficient operation ‘throughout the 
2 to.30:MHz range, actual: radiation ¢fficiency is . 

2. largely dependent ‘upon. ‘their operation. with | 

_ ,associated: tuning: devices. (normally used. with 

: transmitters) and a ground plane. Without an. 


“ 


. _ ° ; ’ : ¢ 4 . F ; 
‘COMMUNICATIONS TECHNICIAN 0 3 & 2 


"_ Figure.7-25.—Inverted.cone antenna. ‘ 


‘var-UHF Antennas = i 


low cost and: simplicity of installation. Even, - 


antenna. ‘tuning system, wiup? wiil generally have 
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RADIAL. 
‘GROUND PLANE 
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, as narrow bandwidth anid will also be limited in . 


power: radiating capability. , 


Whip antennas are : vertically polarized 
omnidirectional monopoles which are 
* electrically characteristic of the general. class of 
vertical: radiatois. They are -used. in short. range" 


ship/shore/ship communications, in 


_ transportable communications: systéms, -and a 


laboratory and ad oe installations. . : 


. . 
“ 
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At. VHF. and- UHF frequencies, the: sdhoriet : 
wavelength, makes the physical size ‘of the - 


antenna relatively: small,, Aboard ship these 


antennas are installed as, high :and.as.much iri-the - 
clear as possible. The reason for the high. 
installation ds. that vertical conductors, such as 

rigging, arid. cables ‘in the vicinity,-cause , 


masts,’ fi 
unwanted: directivity-in the radiation pattern. 


For best results i int the VHF and:UHF ranges, °* 


‘both transmitting anid.: ‘receiving antenrias must 


have the same polarization. Vertically polarized 
aritennas are used: for all ship- -to-ship, 
ship-to-shore, and. ait-ground VHF UHF 
communications. Usually, either a vertical 
half-wave dipole or a_ vertical quarter-wave 
antenna: with, ‘ground. plane i is used. 


An: ultrahigh frequency antenna of the 


‘half-wave (dipole) type is the AT-150/SRC 


(figure 7-27), The horizontal (longer) portion of 


the antenna does not radiate, but acts as a 


mounting arm for the antenna and .as an‘ 
enclosure:for the antenna feed'lirié. This type of 


antenna is normally mounted horizontally. 


ty x 


Figure 7-27.—UHF antenna AT-150/SRC. 
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. : 1.49 
Figure 7-28.—Principle of.parabolic reflection. 


PARABOLIC ANTENNA. —Communication “ i 


“systems such as -.-microwave line-of-sight radio* 
and tropospheric ‘scatter use parabolic antennas. 
These ‘systems operate at frequencies that have 
radiation properties . approaching those of light 
waves and therefore can. be reflected in much 
the, same manner that .a searchlight reflector 
controls: a Tight: beam. . 


; It ‘thus becomes practicable at, microwave °° 
frequencies to use high-gain anterinas that :. 
resemble ‘reflectors used’-in. searchlights. These: 


antennas. concentrate energy:into a narrow: beam 


in the same mannei,as light energy. With. the ._ 


beam: directed 4 in the desired direction, it can be - 


. seen that a much larger signal: arrives’ at the 
receiving antenna. than would -happén with a 


nondirectional antenna. Figure 7-28: depicts’ a 


parabolic, antenna that is used for: transmission 
and reception of TUT OWAYE electromagnetic 
eee : . 


‘3 Figures'7-29 and. 7-30 show two types of 
tropospheric: ‘scatter antennas. Because of the 


wave propagation ‘in the troposphere, the signal . 


strength fluctuates considerably; consequently, 
much: of the | signal j is lost. A steady signal can be 
maintained -by-using- diversity reception. Energy 
from. each of a number of fluctuating signals 
may. be combined. All tropo scatter.systems use 
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Figure:7-29. ~Mobile tropospheric 30 foot scatter 
s > antenna, ‘ 


diversity reception. To obtain signals over 
different paths. that fade and. vary 
independently, some or all of. the following 
methods may be used. Signals obtained-over. two 


‘* Or more independent: paths by these methods are” 
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. 76.59 
Figure 7-30,—-Tropospheric scatter antenna. 
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combined in the .receiver in such .a way as to 
0 ° utilize’ the. best signal at ail times. 


» 


Space diversity: Receiving antennas 
separated by 50 wavelengths or more at 


*- the. signal frequency (usually. 10 to- 200. 


feet is sufficient). 


“hoe a 


Frequency diversity: Transmission on 


, different frequencies fades 


independently, even when transmitted 
and received through the same antenna. 
Angle diversity: Two feedhorns produce 
two beams from the same reflector at 
slightly different angles. This method- 
results*in two paths based on 
illuminating different scatter volumes. in 
the. troposphere. : 


’ *z 
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Figure 7-31 shows.a- Noile: arrangement of 
a tropospheric scatter site. Antennas. onthe left 
are-called billboard antennas; those on the right 
are dish antennas. Antennas vary insize fram 60 
feet in diameter to — feet. in diameter or’more. 
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for an antenna ‘which: will operate#over an 
extremely wide frequency. range. Figure 7-32 
shows a typical LPA designed ‘for extremely 
broad-band}: VHF communications. These 
antennas are of a general Class whose. structure: is 
such fhat the directivity pattern will vary 
periodically with the logarithm - “of the 
frequency. If the variations over one ’ period. are 


small, and continue to ‘be small for all. periods, 
th’e result will. be an extremely. ‘broad-band ; 


antenna. 
. wy 


f 


The LPA can ache -<cuhied on steel towers or , 


utility poles that incorporate rotating 


mechanisms and-is particularly useful’ where . 


antennavarea is limited..A rotating LPA is known 


as ‘an RLPA, aid possesses essentially the same - 


*- characteristics as the fixed LPA, but has a 


\ 


Ly 


receiving, systems. 


different physical” form. (See fig. 7-33.) RLPA’ S 
commonly are used in Ship/shore/ship ‘and in 


point-to-puint communications. They, ability , to . 


rotate the drray 360 degrees is a distinct 
advantage when the relative merits of the fixed 
and’ yotatable versions: ‘of the LPA are compared. 
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Wullenweber , - 


Antenna Array” 


. 


The Wullenweber array is an effective 
vertically polarized antenna. array for Navy HF. 
Although its initial 
development was for high frequency direction 


finder applications, the Wullenweber has been 


accepted for service as a point- -to-point 
communications antenna. Most Navy, receiver 
sites using the Wullenweber artc¥ga ee 
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. A requirement » has existed ins the HF and 
VHF barids, as well as other frequelcy bands, 


~Log periodic antenna. 
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a 23 : 
point-to-point communications do: so on a 
shared’basis with-other mission:requirements. i 

_ __.A typical: Wullenweber array, as. shown: in - 

- figure 7:34: cdnsists: of two reflecting. screens 
and two sets af, antenna elements arranged in. 
four concentficscircles. over a ground plane 
system of nadialx and .mats. The low-band. 

' reflector scréen, forms the innermost-circle; and, 

es proceeding-outwarii, there is the circle of.40 low 


” 


‘ 


_ ‘The Wullenweber-array is designed to-reteive ~_ 
ks ’ HF signals ranging: from 2 to. 10 MHz om the 
-_ _ low-band, and: from 10 to 30.MHz:on the high 
— band antenna: _ weer 
_ The low and-high-band reflector screens are. 
composed of vertical wires attachiéd at the upper 
end to pole-supported horizontal beams, and 
aa connected -to the: ground plane-at the lower end. 
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“~~ -- :band--antenna elements, then the high-band:’ 
“| = + -peflector s¢reen, difd then the circle of 120: 
.© . -°  high-band antenna elements. 
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This vertical scfeen arrangement contributes to _ 
‘the directional characteristics for Wullenweber 
array. : ; .  # 
Selectively Directional . 
Monopole Antenna 
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. The. latest model,of this antenna has been 
placed. .in service for Navy ‘HF transmitting 
applications as the AN/FRA-109. It is a high 
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‘power radiator capable: of .operating either 
omnidirectionally or directionally, as selected. 
The AN/FRA-109 antenna system consists 
of two separate monopole. antennas plus. 
auxiliary. equipment.as shown, in figure 7-35. 
« One monopole (the low-baad) covers the 4 ** 
to- 1-1 MHz range, while the other monopole (the 
+high-band)-covers-the. 11. to 30-MHz-range. The 
two antennas are identical in construction 
except for differencés in physical size dictated 
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Figure 7-34.—Circularly disposed antenna array (CDAA). 
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HIGH-BAND MOMOPOLE-ANTENONA 


HIGH-BAND REFLECTOR SYSTEM a 
(CONTROL BOX ®@ REFLECTORS XUMIT 6) 


31.145 
_ _ Figure 7-35.—Antenna set, AN/FRA-109. ; 6 
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by equeney: Fhe monopole is illustrated” in 
figure 7-36. 
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Figure-7-36.~Low and high band monopole antenna. 


emergency_antenna (or at ] least assist) to restcre. _ 
communications on:.a- soa basis until the 
be: 2 


; Emergency A Anterina, 


Loss or. damage to an antenna from heavy 
: seas, violent winds, or enemy-action may. cause 
serious disruption of communications, Sections 


of a whip antenna may be carried away, - 


insulators may be damaged, or a wire antenna 
thay snap [dose from its moorings. or break. If 
loss or damage should“happen when all available 
equipment is .n neon you- may” have to -rig an 


ioulator is attached to one ae 
alligator clip or lug-is soldered to the Qther. The 
end- with the ‘insulator.is hoisted to = 
structure and secured. The end with the alligator 
clip (or lug) is ‘attached to the sib 
transmission: line. To radiate effectively, .the 
antenna must be sufficiently clear of ‘all 
‘grounded objects. 
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CHAPTER 8 


COMMUNICATION TRANSMITTERS AND RECEIVERS 


Transmitters and receivers must each 
“perform two. bisic functions. The transmitter 
must generate an electric current of sufficient 
power and: at the desired frequency, and have 
some means of varying-(or modulating) the basic 
frequency so that it can carry an intelligible 
- siznal. The receiver must select the desired 
frequency to receive and reject any undesired: 
frequencies. Selecting-the intelligible portion of 
the desired: signal. and converting.the intelligence 
into audible sound waves or some'type of visua! 
‘presentation (page print. facsimile-copy,:etc.) so 
that it can. be understood. In addition, receivers 
must have provisions for amplification to 
increase the volume of the received’ signal in 
order to overcome the .attenuation that it 
necessarily suffers in-its journey through space. 

Generally, transmitters are located at remote 
_ Sites and operated by personnel’ of the RM. 

(radioman) rating. In description of 
Tepresentative transmitters, only fundamental. 
features are discussed in-this manual. 


cA 


TRANSMITTER TYPES 
Basic communication ‘transmitters include 
the continuous wave (CW), amplitude 
modulated (AM), frequency modulated (FM), 
and single sideband. (SSB) types. A brief 
ceeeuer of each type-follows. 


__CON TINUOUS WAVE 
mM) TRANSMITTER 


The continuous wave is used principally for 
radiotelegraphy—that is, for‘the transmission of 
short or long pulses of RF energy to form the 
dots and dashes of the Morse Code characters. 
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This type of transmission is sometimes referred. 
to as interrupted continuous wave. CW 
transmission was. the first type of radio 
communication used, and it is still used 
extensively: for long range communications. 
Some of the advantages of CW transmission are-a 
narrow bandwidth and a high degree of 
intelligibility even under severe noise conditions. 

The four essential components of a CW 
transmitter are: (1) a generator of RF 
oscillations; (2) a means of amplifying these 
oscillations; (3) a method of turning the RF 
output on and: off . (keying) in.accordance- with 
the intelligence to be transmitted; and (4) an- 
eantéenna to radiate the keyed: output of the 

‘ transmitter. > 

A block. diagram of a cw transmitter 
together with the power supply is showh in: 
figure 8-1. The oscillator generates the RF 
carrier of a predetermined: frequency and 
maintains it within required limits. The 
oscillator may ‘be the self-excited type, which 
originates .a:signal.in-electron tubes or transistors 
and associatéd. circuits. Or it may be of the 

- crystal’ type, which -uses, in conjunction. with.an_/ 
electron tube or transistor,.a-quartz crystal .cut 
to vibrate at a certain frequency when 
electrically energized.’'In either type, voltage and 
current delivered by the oscillator aré weak. - 
Thus, the output of both types of oscillators 
must. be .amplified ‘many times to be radiated 
any- distance. 

The buffer stage or first intermediate power 
amplifier stage is a- voltage amplifier that 
increases the amplitude of the oscillator signal-to 
a level that will drive the power amplifier. Power 
delivered by the buffer varies with the type of 
transmitter, but it may be hundreds or 
thousands of-volts. 
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The bufférserves two other purposes, one of 
which jis to isolate the oscillator from. the® 
amplifier stages. Without the buffer, changes in 
the amplifier due to eying or vafiations in 
source voltage would vary the joad on the 
oscillator and cause it to change frequency. It 


may also: be a frequency multiplier, as we will ” 


ee later. . 

The- fi nal stage of a transmitter is the. power 
amplifier. Power is ‘the product of current-times 
voltage, and. in the power. amplifier a iarge 
amount: of RF current :is inade available for. 
radidtion.by.thé-antenna. 4, 


The key is used to turn the buffer on and 
_ off. When: the key. ‘is closed, the RF carrier 


passes through the buffer Stage, and when the. 


key is open, the RF carrier is prevented from 
getting through. 


The. power: amplifier: of a high- power 
transmitter’ may require | far more driving power 
than. can -be supplied’ by an oscillator and its 
buffer stage. One or more dow-power 
intermediate amplifiers may be. required 


between. the -buffer and the final amplifier that | 


feeds the antenna. The-main: difference between 
many low and high-power transmitters; is-in the 


AMPLITUDE MODULATED 
(AM) TRANSMITTER 


_ adn amplitude modulation, the instantaneous 
amplitude of the RF output signal is varied in 
proportion to the modulating signal. The 
modulating signal may consist cf many 
. frequencies of various amplitudes and phases, 


" such as the signals comprising speech. 


The block diagram of a simple AM 
radiotelephone transmitter is shown in figure 
8-3. The oscillator, buffer, and pewer amplitier 
serve the same purpose as in.the CW transmitter, 
The: microphone .converts, the - audio, (sound) 
input into- corresponding electtical ’ energy. The 
modulator amplifies the audio signal to the 
amplitude ‘necessary to. fully modulate +tlie 


carrier, The output of the modulator is applied . 
to the power amplitier. The RF carrier and. the ~ 


‘modulating signal-are combined -in the ‘power 
amplifi ler to produce the amplitude modulated: 
RF cartier output for’ transmission. In. the 


absence -of a- modulating: signal;.a continuous RF © 


carrier is radiated by :the antenna. 


“SINGLE SIDEBAND a 
(SSBY TRANSMITTER 


A single sideband (SSB) ‘transmitter 
translates audio frequency intelligence to desired. 
radio frequencies. Unlike the amplitude 
modulated (AM) transmitter, usually only ohe 
of thé sidebands, either the upper or -the ‘lower 
sideband, is transmitted while thé remaining 

* sidebarid and the carrier are suppressed. 

Figure 8-4 is the block diagram of an SSB 
transmitter. The audio amplifier increases the 
amplitude of the signal. to a Jével. adequate to 
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7 


operate the SSB generator. Usually the audio . ° 


amplifier is just a, voltage amplifier? 

- The SSB: ‘generator zombines the audio input 
and the carrier input from the frequency 
generator~-to—produce~-the- two-sidebands. ‘ard * 


number of intermediate-power-amplifying stages 
that are used. gk 


In the block diagram of figure 8-2-the input 
and output powers are- given for edch stage ofa 
typical medium-frequency transmitter. It is 


shown that the power output of a transmitter 
can be increased by adding amplifier stages 
_capable of-delivering the Rower required. 


then suppresses the carrier. The two sidebands 
are thén fed to a filter which-selects the desired 
sideband and- suppresses the other one. 

The SSB generator in most cases operates at 
a very low frequency compared with the normu: 
‘transmitted frequency. It is necessary, therefore, 
to convert (or translate) the sideband output 
from the filter to the desired frequency. This jis 
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Figure 8-2.-rIntermediate amplifiers increase transmitter power. 


4179 384 
"Figure 8-3.—-AM radiotelephone transmitter. block 
diagram. 

the purpose of the mixer stage. To obtain a 
higher carrier frequency for the mixer stage, a 
second output is obtained from the frequency 
generator and fed toa frequency multiplier. The 
output from ‘the mixer is fed to a linear power 
"amplifier *to build up the level of the signal for 
transmission, | 


‘FREQUENCY MODULATED 
(FM) TRANSMITTER rt 


Ly frequency modulation (FM): the 
modulating signal combines, with the ‘carrier in 
such a way as to cause the frequency of: the 
resultant wave. to Vary in accordance with the 
. Instantaneous amplitude of the modulating 
signal. 

Figure 8-5 is the block diagram’ of a narrow 
band freqilency modulation: transmitter. The 
modulating Signal-is applied to a reactance tube 
causing the reactance to vary. The reactance 


tube is connected across the tank circuit of the. 


oscillator. With no modulation, the oscillator 
generates a steady center frequency. With 
modulation epyned the reactance tube causes 


ECOND . . 
1. INTERMEDIATE 
AMPLIFIER 


< 


POWER 
AMPLIFIER 


v 
* 


the frequency of the oscillator. to vary around 
the center frequency in accordance with the 
modulating signal. The output of the oscillator is 
then fed to a frequency multiplier to increase 


the frequency and then to a power amplifier to - 


increase the amplitude to the desired level for 
‘transmission. ‘ 


3 


HARMONICS AND FREQUENCY 
MULTIPLICATION 


° 


: The* term, harmonics. sometimes is loosely 


used-to designate. unwanted radiations caused by. 


imperfections in the ‘transmitting .equipment, 


but this interpretation is not entircly accurate. 


True, harmonics are always exact multiples of 
the basic or fundamental frequency generated 
by an oscillator,. and are created i in vacuum tubes 


_and their associated circuits. Even harmonics are 


2, 4, 6, 8 (and so on),times the, fundamental; 
odd ‘harmonics’ are 3, 5,7, 9 (étc.) times the 


fundamental. If an oscillator has a fundamental © 


frequency of 2500 kHz, ‘harmonically elated: 
frequencies are— : 


2nd harmonic 


3rd harmonic. 


4th harmonic 


_ Sth harmonic 


It should be noted that the. basic frequency 
and the Ist harmonic are. one and the-same. 

The series ascends indefinitely until. the 
intensity is too weak to- be detected. In general, 


_the energy in frequencies above the third 


harmonic is.too weak to be significant. - 
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It is difficult to design and build a stable 
crystal oscillator, because thé crystal--must be 
ground so thin that it might -crack while 
vibrating. These transmitters therefore have 
oscillators operating at comparatively low 
‘frequencies, sometimes.as low as one-hundredth 
of the output frequency... Oscillator frequency is 
raised to the required output frequency -by 


passing it through one or more frequency 


multipliers. Frequency multipliers are ‘special 
power’ amplifiers that. multiply the input 
frequency. ‘Stages that niultiply the frequency 
‘by 2:-are-called doublers; those that multiply by 


136 | 


+ 
. 
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4 are triplers; and those multiplying ‘by 4 are” 
& . 


quadruplers, ; oa 

The main difference between many 
low-frequency and high-frequency transmitters 
‘is in the number of frequency-multiplying'stages 
used. Figure 8-6 shows the block diagram of a 
typical. Navy UHF/VHF transmitter. The 


‘ oscillator in this transmitter is tunable from 


18.75 MHz to 33.33 MHz. The multiple stages 
increase the frequency by a factor of 12 by 
multiplying successively by 2, 2, and 3. 

In high-power, high-frequency -transmitters, 


one or more interinediate amplifiers may. be 
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Figure.8-6.—Frequeiicy-multiplying =a 
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= a between the last freausaey multiplier dnd» 


the final power amplifier. 
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REPRESENTATIVE TRANSMITTERS . 


‘Mod! ern medium- tesaieney and 
high-frequency shipboard ‘transmitters must be 


. ‘Capable of transmitting: over'‘a wide range of. 


fréquenciés. In. dddition to cw and 
; ‘radiotelephone | modes, of: operation, they must 
_ ‘be capable of “handling RATT and. FAX 
transmissions. They ‘must. be of. rugged 
construction for long sefvice ‘life. Transmitters 
that ‘meet these - requirements, therefore, are 
. »- quite complex ‘and-because of the limited space 
"available ‘for, ‘their. installation in. naval ‘vessels, 
they-are of compact construction. ' 

‘One method of obtaining equipment® 


. “compactness. is to. combine a transmitter‘and a 


receiver into a single ‘unit called-transceiver. A. 
transceiver uses part of the same. electronic , 
circuitry for ‘both transmitting and . ‘recéiving, 

hence: canrot transmit and receive. 
‘ simultaneously. \ transmitter-receiver;. however, . 
* js-a separate transmitter and receiver mounted i in 

the. same rack or cabinet. The same anténna may. 
be ‘utilized for. the transmitter-receiver , 
arrangement, \(but the capability for 

indépendent, operation of the ¢quipment still 

“exists). Both. térths are used i in the descriptions 
“of ‘equipment. that follow. 

* In physical-size, shoré based. frankniftterd are 
‘usually several. times larger than shipboard 
. transmitters. However, the power output of 
‘shore -based transmitters is many times. greater 


ay . ” 


control, protective. circuits. and meters. . ¢ 


¢ 


“than shipboard scanain tei, “This high power. 


output is necessary tov provide reliable long-haul. 


‘broadcast and polntsp- gota communications. 


; AN/FRT-39/40_ 


; Thie radio: transmittér set st ANY FRT-39 (figure 

8-7) ig.a general ‘purpose radio. communications, 
transmitter capable of providing 10,000 watts 
output: throughout a frequency, range of 2: toi28 
MHz. The principle function.of the équipmént is 


to “provide long: range communications from 
shore-to-ship or point-to-point, by -the 
single-sideband:’ type of Operation. The , 


equipment may. also be. used for the following - 


types.of transmission: : 


“> 
at a, 


(1): CW. (keyed ari’. he's 

(2): Frequency-Shift Carrier 

(3) Single? *Sideband Suppressed. Cariier 

(4) Double-Sideband. Suppressed Cartier. 

(5) Independent Sideband. (separate 
intelligence) 3 

(6) Single-or Double Sdeband (with carrie) 


With the ‘addition of two cabinets, power 


amplifier and power ‘supply, the AN/FRT-39, 
becomés an AN/FRT40.(Figure 8-8). The 


power amplifier stage and antenna tuning . 
controls of the AN/FRT-39 are slightly. modified 
and become the intermediate power . amplifier 
stage of the AN/FRT-40. The ‘final power: 


amplifier ‘section, of the. AN/FRT-40; consists of -. ; 


a power -aimplifier ‘capable of 40,000 watts 
together with. ample power supply, relay and 
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" Figure'8:8:-Radio transmitting set (synthesized), AN/FRT-40, © 4s ; 


_ The AN/FRT-39 is constructed :in ee. AN/URC-32 ne ne 
_ _s€ctions. the. main frame and the auxiliary 28 : . 


. frame. The main frame is located to: the rightof <Soiniuunication aquipnedte the AN/URC 39 
“the ‘auxiliary frame and houses. the power * “CFigure 8:9); It is a-transceiver operating in the 2- 
amplifier, the int>rmediate: power amplifier, the _té 30-MHz high-frequency range, with a 
main power supply, and high Voltage section, the _ transmitter peak envelope power of 500 watts. : 
power amplifier loading and tuning controls,.the’ © ’ 7 
_ relay and indicator control panels, and-the meter ; The AN/ URC-32 is désigned chiefly for 
2 panel: The auxiliary frame houses all of the single-sideband transmission and for. reception 


‘ ; , ‘ on either the upper or lowér sidebands, or on. 
sideband exelter -equipment, exater, power ‘both. sidebands simultaneously with. separate 
supply equipment, and other control’equipment = — audio. and IF channels for each sideband. In 


for the various modes of operation. addition to single sideband operation, provisions 
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‘One of the Navy’s most versatile eee 
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igure 8-9. —Radio- taneiveyAN/URCS2B, 
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are included for AM* carrie réinserted), cw or 


FSK.operation. 

Becauise of its versatility and. power, the 
"AN/URC-32B jis installed’ on «most Navy -ships 
having: a requirement for communicating: ‘over 
long distances. It: is s being replaced. by the 
AN/URT-23. : 


“AN/WRT-2 
The AN/WRT2 (fig. 8- “107 & is a modérn HE 


trarismitter used in surface. ships and submarines, 
‘It provides complete frequency coverage in 
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1-kHz sters over the Cay range of 2 to 30: 
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independent sideband. 
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is 32.278 (31 B ) 
vee 8-10, —Ridio transmitter: AN/WRT-2. 
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MHz. The RE oscillator. pradees fundamental 
‘frequencies from 2 to-8 MHz. Frequency” 
‘multiplication. produces ae from 8° to . 


30 MHz: ‘ 


The AN/WRT-2 transmitter fis an. i oaiput 
power of 500 watts on CM, frequency shift ‘ 
RATT and FAX, and ‘conventional AM 
radiotelephone. it has -a power output of 1000 
watts when transmitting single sideband or 


Coupling to an antenna is through a radio 


. frequency tuner mounted as close to the 


antenna: as. Romie The radio- frequency tuner is, 
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constfucted so that it may be installed ¢ on the 
weather:decks-of surface ships, 

A front panel handset jack is turn ished for 
local phone ‘operation of the equipment. A 
built-in duminy load perits off-the-air tuning 
under: conditions of radio silence., 


ANIWRGL a 
_The AN/WRG-1 (fig. 8-11) is .a single 
sideband radio transmitter-receiver. It is capable 
of. transmitting on any .one of 56,000 
. frequencies, spaced in: 0.5-kHz increments, in 
the frequency range of 2 to 29 5995 MHz: This 
set has a maximum power output of 100-watis. 


_.. Wernier (continuous) tuning enables reception . 
_-onany frequency it the 2:to. .30-MHz range. 


The: AN/WRC-1 is capable: of trdnsmitting 
and’ receiving SSB, CW, compatible AM, FSK, 
and: -ISB ‘signals iri’ either a simplex or duplex 
operation: 


* The "AN/WRC-l-radio set ‘consists of, four: 


separatg units. These units are: the R- 1051 7URR 


* 76.61 
“Figure 611 Rado set saws, 


radio receiver, radio eansinifter “T-827/URT, RF 
wmplifier AM: 3007/URT,. and an 


' interconnection box used fo connect the other. 


three units together. Both. the receiver and 
transmitter contain. tneir. own power supplies 
and can oe operated” as individual units. 


- 


REMOTE: CONTROL, UNIT 

_To operate ae transmitter from a- remote, 
location requires a rémote-control unit. A- 
typical remote-control unit; commonly. called 
RPU.(radiophone unit),. is type.€-1138A/UR 


_ shown in figure 8-12. This unit contains.a . 


sturt-stop switch for turning the transmitter on 
or off, jacks ‘fer conneciing a handset or chest 
set microphone, headphones, or telegraph key,.a 


volume control for the headphones, and 


indicator Jamps for transmitter-on- and carrier-on 


. -indications. ‘ i 


. DUMMY: ANTENNAS . 


"9 


carrier on the, air during transmitter tuning 


would give an enémy the opportunity to take ° 
‘*. _ direction-finding. ‘bearings and determine the 


location. of the ship. Even during: normal periods 
of operation, transmitters are to be tugéd by 


_ methods that do not require radiation-from the 


: 7.40.24 
Figure. 8-12. ~Radiophone unit (RPU). 


Under radio silence conditions, placing ae 


~ 


circuit. = 


, —" 
v? - 


. (called: dummy loads) have resistors ‘that 


tuning: Operation. One model, typical of most 
dummy loads, is’the DA-91 /U (fig.-8-13),. which, 
can‘be used with’ trarisraitters up to: 500 watts. qt 
js: enclosed jin..a metal case that has fins to 
increase its air-cooled: surface area. The dummy 
load, instéad-of the antenna, isconnected: to the 
’ output of the transmitter, and the normal 
transmitter tuning: procédure is-followed..Use of 
the dummY load with transmitters such as. 
AN/SRT-15 requires manual disconnection of 
the transmission. liné. at the transmitter, and 
connection of the dummy load. Upon_ 
completion of transmitter tuning, -the dummy” 


transmission line is connected again to the 
transmitter. 


q * 


‘ ee ee . 76.29° 
’ Figure 8-13.—-Dummy antenna DA-ST/U. 
. - £ a 
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--One way: to ‘tune. a transmitter without 
causing tnwanted radiation .is through: use of 
previously déterminéd* and” recorded calibration 
‘settings: forthe tuning controls. Another method -~ 
is to use ajdummy antenna. Dummy antennas, -- 


antenna. The réason For ‘this precaution ‘is to 
‘minimize- interference to other stations using the 


dissipate: the RF energy in the form of: heat and 
prevent radiation ‘by the transmitter during the .. 


load is disconnected and the- antenna © 


°° 
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oe 


; opérate and maintain. Théy are capable of 


- sixfunctions: pie: 8-14): ; . 


Signal Interception 


than this. 


Some Navy. transmitters, such. as the * . 
URC-32; have. built-in dummy antennas. This 
arrangement permits connection -of either ‘the 
duinmy antenna-or-the actual antenna- aby smply . 
throwing switch. an . 
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"Modern: Navy ‘radio receivers. are easy to 
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receiving Several types-of signals and -can: be 
tuned accurately over a wide range of. 
frequencies, Because they are not required :.to o 
produce or handle large currents and voltages, 
their size is relatively small when, compared to 
the size.of most transmitters. 

Untike the receiving. units of the transceivers 
described carlier,. the radio receivers-discussed. in 
this ‘section aré separate equipments that: are 

capable.of, independent operation. 
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FUNCTIONS-OF RECEIVERS 


. 


Radio réceivers ‘must saiforn the following 


Signal interceptiog. 

Signal selection. 
Radiofrequency amplification. 
Detection. s 
Audiofrequency amplification: 
Sound reproduction. 


‘ Saeae 


a] os 

These six functions are sufficient for.AM ° 
reception, ‘but for CW reception an additional | 
circuit (shown by. dotted lines,: figure 8- -14),° 
called a beat-frequency- oscillator, i is Fequired. 


t 


¥ . 
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The receiving: “antenna fierce ae. a small 


‘portion of the passing radio waves. The signal ~~. 


voltage extracted by receiving antennas is Only a ; 
féw microvolts, sufficient for. subsequent a 
amplification .as long-.as the noise energy 
intercepted by the antenna is substantially he 


- 


‘Chapter & -COMMUNICATION TRANSMITTERS AND .RECEIVERS 


“SELECTION 
{TUNED CIRCUITS) 
ee 


ww wwe owe 
d ” 


BEAT? 1 ne 
s FREQUENCY 
OSCILLATOR 

eo = 


_ FREQUENCY 
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99 
; Sina Selection, = i 


Some ‘means .must be provided to select the 
désired-signal from all- RF carriers intercepted by 

* the antenna. ‘This selection is made by tuned 
wo circuits that pass only their “résonant frequency 
0. (frequency ‘to which the ‘receiver is tuned) -and 
! reject other frequencies. Thus.the receiver is able 
to differentiate between the desired signal 
omency and all other ee . nn? 


. - 


i 


Radiofrequency Amplification=". . we 
< 


The weak signals : intercépted by the antenna 4 


_ usually ‘must be oat te before 


the intelligence contain n\ them ¢an be 
; recovered. One or more plifiers serve to 
. _+ > -inerease*the signal. to the-required level. A‘tuned , 
circuit: in each RF amplifier makes sure that | 
n only the. desired: signal‘is amplified. 


. - Detection’ ‘Demodulation) me 


: “r they sign al is amplitude modulated, the 
RB original intelli gence must he recovered from it «« 
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-Figure:8-1 4:--Easentials of radiq,reception. 


a 
by separating the modulation:signal:from the RF; 
carrier, The circuit that séparates the 
audiofrequency signal variations ‘from the RF 
carrier’ is called the detector or demodulator. 
Most detectors do not operate well:at very low 
signallevels, and this is orie.of the reasons why, RF. 


8 © amplification is.required, ahead of the: detector. 


In CW (radiotelegraphy) reception, a 
beat-frequency oscillator (bfo) is-used in the 
receiver circuit.. The bfo provides an- RF signal 


. that béats or heterodynes against the frequency 


injected: into the -détector. The resultant 
frequency .is a low-level audiofrequency. 


ra 


‘ Audiofrequency Amplification 


The signal frequency in‘ the output of, the 
i | too weak to operate a 
AF miata e 
strengthen the.audio.output of t 


level sufficient to doperafe 
loudspeake<. 
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Sound Reproduction ; 
k 


“headset ‘or loudspeaker that translates the 
electrical AF variations into forresponding | 
sound waves. For AM; the sound‘ output of the 
speaker is a close ‘replica -6f the .original audio 
* sounds at the transmitter. For CW, the sound is 

a- tone the frequency of-which depends upon the 

- frequency of the beat-frequency oscillator. This- 
-tone is heard -whenever' the key is “depressed at 
the transmitter, and, consequently, it reproduces 


The a amplitied _ AF signal is _applied to the 


. AMPLIFICATION 


: he interruptions of the RF carr Trier-in accordance 
* with. the: Morse. code. 
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‘ SENSITIVITY —— | 
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Fhe ‘sensitivity of a-receiver is a measure of 
how- well it- can amplify weak signals. 
Communication receivers: -are ° highly Sensitive 
and :can operate on fat weaker Signals than a, 
‘home: radio. ° 

In- an area of ‘strong loéal interference, a 

* receiver néeds ‘a strong signal to give good 
reception. Jf the local interfemmnce hag a ‘field 
Strength of 100-microvolts per meter, a signal 
strength of, from 500 to: 1000 microvolts per 
meter is required: ‘to drown the noise. The same 
_ receiver, free of local interference, may give 
good reception on a signal: strength of 10. 
microvolts per meter. It is hard ‘to. state tlie 


exact minimum field strength. neéded to operate © 


a receiver ‘satisfactorily, but marly sets under 
ideal conditions can function: ‘on a signal 
strength of from I to-3: microvolts sper meter. To 
% bringrsuch a signal'to an audible level requires-an” 
amplification-of:many. millions of times, 


SELECTIVITY : 


"Selectivity is the ‘ability of a réceiver to 


*, ‘respond -to-one particular signal and to reject-all 


a) 
* 


° 


° others. A very selective receiver is said to-tune 
" shafply. 

Some types of: receivers are more selective : 
than. others. A tadiotelephone communication 
‘receiver tunes more sharply than a- commercial 
‘broadcast receiver, and a cw communication 
receiver is even more. selective. ‘You can compare 
‘the three: tuning curves in fi igure 8-15. 
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. Figure 8-15. —Tuning curves of three types ‘of 
tadio- receivers. 


You wil remember. the ‘analysis of amplitude 
modulation treated earlier ,in this chapter, It - 
showed how the intelligence. transmitted was 


, contained in the sideband. frequencies. | ° 


Carrier waves from commercial broadcast 
stations contain “sideband -frequencies that 


_ extend. 5 kKHz-on either side of the carrier 


frequency. Ifa station is transmitting on 1140 
kHz, the complete Carrier wave contains 
frequericies from 4:135 to 1145. If a receiver -__ 
tunes: too. sharply, some of the, sideband 
frequéncies are lost,. with. a corresponding 
sacrifice of. fi delity. The commercial broadcast | 
receiver tuning curve shown ‘in fi igure 8-15 is: 
OPTIMUM—“at its best.” The top is broad and. 
‘flat. and the sides'are-steep. Actually, most AM’ 
broadcast receivers have tuning curve 
resembling the brokén line, and: many frequenc 
components of. voice:and-music contained in t 
signal-are-not-re produced by the set. 
Although sharp tuning in a homé rad 
would make for poor listening, ‘it is:desirable-for 
military sets for the sake of frequency economy 
and reduction of interference. Radiotelephone 
messages can-be sent: on- frequencies that extend =” 
only. 2 kHz on either side of the carrler 
frequency. The voice may sound unnatural, like 
a voice on. the telephone, but it can be. 
understood. ; 
The CW sets.tune so sharply that. unies¢ an 
Operator is careful, he can turn his dial through 
the signial without even hearing it. 


BASIC. SUPERHETERODYNE * 
RECEIVER” . 


The basic stages. for AM superheterodyne 
‘reception: are shown in figure 8-16 i in the-order 
in which a signal: passes through the receiver. 


The illustration also shows the changes in. 
Wave-shapé of the signal as it passes through the. 


‘receivér, She operation of the superheterodyne 
receiver for the reception of AM signals is as 
follows: 


1, Modulated RF signals from many 
transmitters are intercepted by the antenna. 
They: are féd-to the first-stage of the ‘receiver, 
which is a- variable-tuned. RF-amplifier. 

2. The desired RF signal. is selected by the 
tuning circuit.of the RF amplifi 1eF, This signal is 
amplified, and ail other signals are rejected to 
some:degree. 

-3, The amplified RF-signal is coupled to 
the mixér stage, where it is combined with:the 
output-of the local: oscillator. In this process of 
heterodyning ere two.new frequencies are 
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Figure 8-16.—Superheterodyne receiver, showing signal wave-shape. | 
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produced. One is equal to the sum of the 
incoming sigrfal and the local oscillator; the 
Other equals the difference between the 
incoming signal and the local oscillator 
frequencies. Most receivers,‘are designed with 
selective circuits to reject:-the sum frequency; 
the difference frequency is. used as the 
intermediate frequency (IF). Thus, the RF amp. 
and local oscillator’ are tuned simultaneously 
(gang-tuned), so that the difference frequency 
from mixer is’ always the’same. It contains the 
same modulation.as the-original-RF- signal. 


4. The IF .signal is amplified in the 
fixed-tuned IF amplifier stages and i is‘coupled to 
the-detector. 


5. The detector Stage removes the audio 
“modulation contained inthe IF signal. and- filters 
out the IF carrier, which-no longer.is heeded. 


6. The resulting audio-signal is amplified to 
the level required by the- loudspeaker. 3 

7. The electrical audio variations. are 
converted into the-corresponding sound: waves. 
by ane east (or Pemen pone 
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Cc OMMUNICATIONS 


REPRESENTATIVE RECEIVERS 


Most ‘radio receivers Operating in the VLF, 
LF, MF,.and HF bands of the frequeticy 
spectrum. are of the continuous tuning type.. 
They -can be attuned to any frequency within 
their frequency range, and they usually. cover 
this range in several’ tuning bands. Switching 
from. one band to another clranges.the receiver’s 
frequency=determining -coimponents, ‘permitting 
more accurate tuning than is -possible“if the 
entiré frequency range were covered by a single ~ 
set-of: i « 


RADIO RECEIVER 
R-390A/' URR ‘ 


~*~ 


cy 


; The ‘fadio-receiver R-390A/URR (Fig: 8-17) 
is. a superheterody.ne type and provides 
reception of cw (continuous wave), MCW 
(modulated- continuous- wa-ve):, FSK 
(frequency-shift keyed), and SSB (single 
sideband)‘ signals. NOTE: SSB. reception requires 
use of SSB converter (CV 5911), discussed: later. 
A double sideband “signal, either AM or -PM 
; (phase-modulated), occupying up to a.total of 
“12 kHz. of spectrum for voice transmission. may 
also’be received. 
The receiver furnishes an AF (audio 
, frequency) output to a local loudspeaker-and/or 
headset. There i is also a balanced line audio 


34.15 
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output for connection to a remote speaker. An 
IF (intermediate frequency) output is also 
provided so that received radio telety pewriter 
Signals may be fed to other equipment for 
conversion into signals usable by telety pewriter 
printers, 3 


Two or three receivers-can.be connected’ as a 
space-diversity. receiving system for reception of 
voice signals (fig. 8-18); This systern provides 
substantially- uniform audio output to a 
loudspeaker or headset, minimizing:the, effect of 
fading signals. Rhombic-antennas spaced at least: 
600 feet apart are.connécted to the réceivers. 


‘Figure 8-19 shows two. receivers connected 
in a space diversity teletypewriter system. 
Rhombic antennas feed the incoming frequenéy 
shift signals to the receivers. The output of the 
receivers is applied to’a-converter whiclr provides 
diversity combining and produces d.c. (direct 

“cufrent’) signals for the operation of 
telety pewriter equipment. 


A receiver and a single sideband: converter 
may be connected as shown in figure 8-20. This 
‘system permits the reception of SSB signals. 
occupying 12 kHz-of RF spectrum space.divided 

_ into two 6 kHz sidebands, one 6 kHz sideband 
on.each side -of a. reduced: carrier. This system is 
used primarily for the reception of:multichannel 
radio-telety pewriter transmissions. 
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~ 
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Figure 8-18. Siigencdiiesiy receiving system. 
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RECEIVER TUNING 
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A lt:h ough much of the Navy’s 
communication equipment is set up or tuned 


obtain ,proper operation from the equipment. 
The operating procedures of the R-390A/URR, 
being a ‘representative receiver, are covered in 
Appendix I. The Controls on other receivers may 
vary somewhat in their placement, appearance, 
and perhaps their nomenclature, but the basic 
operating functions will be similar to those on 


the-R-390A/URR. 7 
RADIO RECEIVER R-i051 /URR | 


The R-1051/URR (fig. 8-21) is one of the 
newest radio receivers. It ‘is a-versatile 


+ 
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da 8-19.—Space-diversity radio. teletypewriter receiving system. 
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‘Figure 8-20.~Single-sideband radio <u receiving system. 
\. 


automaticajly, an operator still must do a lot to: 
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superheterodyne -receiver capable of receiving 
‘any type of radio signal.in the frequency range 2 
to 30 MHz. It can be used as an independent 
receiver. Or,.in conjunction: with a transmitter, it 
can be used to: form_a transmitter-receiver 
combination, such as radio set AN/WRC-1 
described previously -(see figure 8-11). 

Basically a crystal-controlled equipment, the 
R-1051/URR employs a digital tuning scheme 
for automatic tuning to any. one of 56,000 
Operating frequencies. A djsplay window 
directly above each control provides a readout 
of the digits to which the controls are set. The 
displayed: frequency can be’changed in-.1 kHz 
increments. An additional fine tuning control 
Provides continuous tuning throughout the 


Q 


receiver’s-frequency range. 
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Figure 8-21.—Radio receiver'R-1051/URR, operating controls and indicators. ‘ 


—- + [his receiver is designated -as standard 
equipment: for, use aboard all: ships. Although 
presently available in.limited- numbers only, it is 
being procured: for distribution throughout the 
fleet. ‘ : . 


‘RADIO-RECEIVER R-1401A/G 


The R-1401A/G VLF receiver (Figure 8-22) is 
tunable over-the frequency range of 1 kHz to 
600 kHz in-one band: It may be used for the 
‘reception-of AM, CW, MCW, SSB or FSK signals. 
A direct-reading digital readout is used to 
indicate the frequency to which the receiver is 
tuned. The frequency is normally displayed with 

f 100. hertz -per seeieag he 
he 


an’ accuracy O ( 2 
front-panel ‘switch permits. expanding 
readout by a-factor of 10, so that- the ‘frequency 
may be read to an accuracy of 10 hertz per 
second. A finé-tuning control‘is provided so that 
the receiver-can: be easily tuned to.this accuracy. 
‘Four IF bandwidths are- provided: 150 hertz per 
second, 1 kHz, 3 kHz, and 6 kHz. Selection of 
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the desited bandwidth is by means of a 
frontspanel Switch. The intermediate frequency ~ 


is 2 MHz. 
RADIO RECEIVER R-1414/URR 


Thé-R:1414/URR radio receiver (fig. 8-23) is 
a. solid-state; general purpose HF receiver 


. intended primarily for. operation: in fixed 
~ stations or in transportable “vans when-at a fixed 


station. It is capable of detecting AM, CW, SSB, ° 
ISB,. FM, and FSK signals within the 1.5 to 32 
MHz frequency range. ‘ 

Although the future status of the. 
R-1414/URR receiver is in doubt at present, a° 
description is included in this text for your 
information. Initial distribution” of a limited 
numbér of these_receivers has been made” for 


fjeld evaluation. It is anticipated that the - 


R-1414/URR will ultimately replace the 


-R-390A/URR at all NAVSECGRU sites. 


In comparison with the R-390A/URR, the 
modernization can be readily seen. The 
R-1414/URR is solid-state, mechanically tuned, 
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covers 1,5. to 32 MHz frequency range, uses 
double conversion, and has a digital electronic 
frequency counter display, Being solid-state, the 
R-1414/4URR is smaller in size than. the ct een : 
R-390A/URR, and operates cooler. It also has © RADIO RECEIVER.AN/SRR-19A ” 
independent sideband monitoring capabilities 4 

that are not available in the R-390A/URR. 
Another featuré of the R-1414/URR ig, its - 
frequency stability achieved by~an internal 


a a + . 
digital: AFC network. Both frequency ‘stability 
and readout accuracy. are within £ 50 Hz. 
throughout the frequency range of the receiver. 


The. AN/SRR-19A is a fow frequency 
multi-channel shipboard’ radio receiver for the 
30-300 kHz frequency: range (fig. 8-24). This 
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: dual- -conyersion supetheterodyne, ‘receiver. is 
intended for single. sideband, multichannel radio 
teletypewriter broadcasts, AM and cw 
reception., ; 

Receiver operation is characterized by” 
extreme. stability, permitting long periods of 
unattended operation. Counter type tuning dials 
facilitate accurate tuning toa desired frequency, 
and. frequency errors caused’by drift in-the local 
oscillators are removed by drift-cancellation 
circuits. The receiver.can be incrementally. tuned 
in ste: ps of 10 hertz or coutinually tuned . 
(between increments) with partial 
drift-caricellation during continuous tuning: - 


od 


Cv.591, A/URR SSB CONVERTER a oS 


The cv. SOLA/URR Sinale sideband 
coriverter (fig. 8-25) is used to convert standard | 
communication receivers such as the 
R-390/URR for SSB use. ‘Overall selectivity of 
‘ most teceiving systems is greatly sharpened, 

rejecting. unwanted adjacent signals or 
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. however, 
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& 3 = . ; 9 
7 interference with no detrimental effect to ‘the 


* desired- signal. The tuning of single, sideband 


signals: i is greatly simplified ‘because. final. tuning , 
is done at the converter, not the receiver. A 
mechaniéal-and. electrical bandspread tunes over 
the IF bandpass. This effective, vernier easily 
tunes. SSB or exalted carrier AM signals within 
cycles of correct tone. Either sideband is 
selectable, either with the bandpass tuning 
feature or by inverting the oscillator separation. 
Continuous wave and MCW signals ure. easily 
tunable with’ bandspread- feature. For extreme 
stability, the first oscillator’is ‘switched ‘to crystal 
control for both upper and lower sideband 
positions. 

The ‘local or remote: ‘tuned VFO feature of 


the ‘converter permits. operation with any ~ 


receiver: having an IF-nominally centered at 455 
_ KHz. When the oscillator is: switched to crystal 
control and the proper cyrstals inserted, 
most any receiver IF may be 
accommodated. - 

All operational controls ure located on “the 
front panel. These, controls are similar in 
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in 2 ‘ “Figure 8-24.—Radio receiver AN/SRR-19A..* ; : 4 
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tinction and effect’ to ‘those: found: on any 
receiver. ‘The -BANDSPREAD. contro! tunes the 
converter over a Jimited- frequéncy -range. A 
MANUAL/XTAL switch sets the first oscillator 


* 


.BFO, Automatic Volume Control. (AVC), and 
\UDIO GAIN controls perform similar 
"‘unctions as on-a receiver. Terniinals at the-réar 
‘tel provide simple connections for. remote 
atrolof ‘the main features of the converter 


Figure 8-25.SSB converter CVSQ1A/URR, © |, 
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without modifications or. the use of additional 
lifes or tones. By this means it is possible to 
tune- the converter remotely or localiy-across the 
yeceiver IF 
remote indication: of which sideband is: in use, 
and still retain-all of the remote control features 
of the remote’ control system. The.-converter 
may be used. with remote control system 


‘AN/FRA-19(V)--or AN/FRA-501, without 


modification.to, the system. 


3 o 
$ 
E , . *% ‘ ‘- 2 » 
2 *e bd : e : v 
‘ * @ 4 
’ “ : 
v Ae ’ % 
y ‘ 
* x = , t e ; 
? 
. x * 
4 <* od = ‘ + Rs 
ba + 8 ” 
¢ 
’ 
4 e Fy 
* ’ 
‘: « 
‘i . 
rr 
ars 
- 3 = Fi cy 
‘ ; &, 
; ? 
> ‘ 
7 gs $ , 
“ . rm ° ‘ ’ 
. 2a 8 ot * 
” . ‘« ‘ 
¥ we S. . 
. 4 : 
4 
Ds 
2 oR 
> ° > 
at 
e Pd 4 « 
> ~ i ‘ ey 
1 * e 
» 6 
. , *, 3 
4 : 
* 7 ’ ‘ 
é 4 
e 1 of vr 
4 , oe ' 
> c) + 
6S a 
bad . w ’ ’ 
vy . 
r % 
é < * > 
a on . 
é > . i” * 
; s 5] 
¢ z ss : 
‘ x é 84 . = 7 5 ° 
“og ¢ ' 2 
‘ 
« <. fo 
a e 
¥ - 
& ® ‘ 
‘ 
ec aetnehemetgernee 


passband, select sidebands with, a 
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. _ * Facilities Control “Operations (FCO) ‘is. an’ 


integral section of each NAVSECGRU 
communications center. This section performs 
the functions of circuit.and equipment control. 
The FCO. is. one of the,most important 
operations within fhe NAVSECGRU 
communication center, since message. traffic 
flow is dependent upon- the quality_of circuits 
and equipment. provided. 

~The function of a- facilities controller at large 
stations is usually performed by trained, circuit 
and technical personnel. This function at small 
stations may , of. nécessity be performed by 
communication supervisory, operator, or 
maintenance. personnel. The fundamental 
_ responsibilities. of the facilities controller, 
however, 1 remain “unchanged. . , 
’ The ‘Naval: Electronic - Systent ‘Command. 
prepares and ‘issues system plans for the. 
processing and distribution. facilities to be. 
engineered for each. type. of, shore station 
system. > 

To consolidate communications circuits into 


a network,’ the principles of system engingering . 


must: ‘apply; namely,. the system has-a common 
purpose, : :compatible: .equipment, and standard 
‘procedures and. practices. These, standard 
; procedures: : and :practices., assist facilities 
ae controllers in. working with cadjoining stations 
“> and coordinating with the ‘commercial: or DCS 
circuit supplier. facilities. A-few of the major 


. ¢oordination, problems confrontirig a FCO _ 


-controller, are circuit interruption, frequency 
‘changes, restoration of circuits, equipment 
performance. tests and similar, technical 
functions. Standardization: of equipment, 
procedures an. «=» 2ctices also permits che 


transfer of perso .ne” shroughout the system 


.with a- minimum: amount, of trainirig 
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a COMMUNICATION 
SYSTEM DESCRIPTION © 


. Every” ship ‘or station is provided’ with ~ 


communication system based on its: mission. 
Communications systems can vary from the 
‘simple to the complex. For instance, a 
radiotelegraph receiver system consists of an 
antenna, receiver, and- headphones or speaker$. 
A multichannel broadcast—receiver system may 
consist ‘of. antennas, receiver, ‘terminal 
,equipment, several pieces of crypto- equipment, 
an assortment of page. printers, reperforators, 
aid: patching facilities. 

The. sole ‘purpose of any communication 
system, ‘however, is the efficient transmission 


and reception of. information. The’ intélligence , 


signal is the means by which this is 
accomplished. Figure 9-1 shows a simplified 
signal flow block diagram typical of either a 


‘Shore or afloat secure teletype communication 
system. A description of the conimon. 


equipment that makés’ ‘Ups seach ‘stage (shown in 
Figure 9-1) how they. are “used and their 


“ interrelationship. within a communications 


system are ‘the subject of this chapter. When a 
basic understanding of thé effect each stage has 
‘on the signal is acquired, the need for 
monitoring and precise control procedures 
becomes evident, 


Y 


The audio signal. containing, the teletype; , 


signal myst pass through several stages -prior to 
being printed by the teletype printer. The audio 
signal output of a receiver must first pass 
through a receiver switchboard where it is 
switched, to the desired conversion equipment. 
The’ conversion equipment will cither 
demultiplex a number of independent telegraph 
channels which ure simultaneously conveyed 
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over, one audio signal, or. in the: case of single 

‘channel frequency shift keying, (FSK) reception 

it will be converted: directly to-a d.c. teletype 

’ signal. tee. a ee 
_ Interconnection between a NAVSECGRU. 

' FCO and the commercial or DCS circuit:supplier 


"+s5 +, Figure 941.--Sigiil.flow for securé teletype ccmrniinication system. 


facilities commences normally in the DC: ' 


distribution. In other’ words, at this: point the 
signal’ -first, enters ‘the spaces where the SI 
- communicator~ will be monitoring the signal. 
Obviously, coordination between FCO and 
circuit ‘suppliers. is of paramount importance, 
through: other ‘elements -of 4 ship or station 
before reaching the SI FCO spaces. . 
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The originated teletype signal generated by the’ 
TTY.keyboard, or TD passes through the “RED” 
zuich-panel, tothe COMSEC equipment for 


‘encryption. Following encryption: the teletype 


signal.is fed’ to:the “BLACK” patch: panel where:’ 
it-is patched -directly .to the transmitters 


frequency. shift keyer or the. ‘multiplex — 


_ equipment :where it is converted into an-audio. 


) 


since the first two stages ‘of the signal: flow pass’ 


; The TTY signal is fed. to‘ the “Black”. 
“(unclassified /encrypted. signals) patch panel 


which is wired or patched to COMS.EC 


equipment for decryption to’ a ‘plain text . 


teletype, signal. Following decryption, the plain 


text teletype signal is delivered via the “RED” ‘ 


(classified/decrypted signals) patch panel where 
“it is wired of -patched to-the receiving teletype 
equipment for.print out. c 

On the transmit side, the signal flow is quit 
. Similar to the réceivé side, only in reverse order. 
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signal. The audio signal-now-conditioned into.a’. 


ferm suitable for transmission -is routed to. the 
transmitter via the transmitter transfer 
switchboard. ~. ° of 
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AUDIO DISTRIBUTION 

Transferring. the: audio-output of a receiver 
to the conversion stage, and conversely from the. 
conversion te the transmitter, requires intricate 
switching capabilify. These operations are 
performed by control paneis which utilize 
switches instead of plugs.and patch cords, Such 
control’ panels are commonly. referred to as 
‘switch boards. ok 

‘Radio remote-control transfer plug panels 
have become too cumbersome to be used in. 
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‘shipboard: radio installations of modern Navy 


‘ships. Therefore, control ‘panels utilizing 


‘ switches ‘instead of pliigs and patchboards are 
being installed in new construction and in. 


conversion. jobs. Two, unit-constructed panels 
(one for receivers. and-one.for transmitters) ‘ivow 
provide all of the facilities: that were.available in 
three types: ‘of plug panels (the receiver transfer 
panel, the transmitter transfer panel; and the 
radiophone ‘transfer panel), and in addition 


afford greater flexibility in the remote-control 


system. These units are Receiver Transfer 
Switchboard,. Type BS-82/SRR, and. Transmitter 
Transfer Switchboard; Type BS-863/SRT. ° 


RECEIVER TRANSFER 
SWITCHBOARD ~*~ 


oe 
Receiver Transfer Switchboard: type 


double-pole, sirigle-throw: (ON-OFF) "switches 
that are ‘continuously fotatable in either 


direction. One side of each switch within a 


_ > Vertical row is wired parallel with the-same sides 


of ‘the other nine switches within that row. 
Similarly , the. Other side - of each-switch is wired 


sides of each: of the: other four switches: in a 


. horizontal row. This :method:of' coynecting the. 


switches permits a highadegree of flexibility. 


The audio output from five-radio receivers, 
connected: to ‘the five vertical.rows of switches, 
may: be fed.to any or all of the remote stations 
by closing the proper switch or switches. The 
knob of éach switch is marked with a heavy 
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“SB-82/SRR, is. shown in figure 9-2. The receiver : 
‘switchboard has five vertical rows of ten 


* in* parallel ‘horizontally, with. the- ‘corresponding ay 


white’ line to provide visual ‘indication of the. 


~ a bare setup. In. general; ‘there are more 


ite stations ihan radio receivers, hence thé 


swite boards. normally are mounted in a vertical 


positid (as in figure 9-2). This arrangement 


" permits the outputs-from five recéivers-to be fed: 


to the five vertical rows and up to ten remote 
stations to. be fed from the ten. horizontal rows 
of switches. 9 


Switchiboards are always installed with the 
knobs in the OFF position when the white liné - 


is vertical. 


the vertical rows of switches, and remote 


stations are always: connected to the mmo nee 


a . 


To further standardize all. 
installations, receivers are always connected to 


through 18) corresponds to a controlled 


ewe Bo aa 


Figure 9-2. Ze tetaal view of the receiver 
‘Switchboard: type SB-82/SRR. 

“9? : é = 
rows. Identification of the receivers and remote 
stations is engraved on the laminated bakelite 
label. strips fastened along the top-and left edges 
of the panel: front. 

TRANSMITTER T RANSFER 
SWITCHBOARD ve 


Transmitter transfer switchboard, type 
SB-863/SRT, has replaced type SB-83/SRT. The 
SB-863/SRT (figure 9-3) has ten 20-position 
rotary selector-switches in two vertical columns. 
Each rotary switch corresponds to a remote 
control station, and each switch position (1 


transmitter. Thus, switching control 1s provided 
for up to 10 remote control stations or 19 


. 
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CONVERSION 


Keyers and converters are-an integral part of 

‘evesy radioteletype system. In some. instances, , 
the keyer is built into-the.radio transmitter, but 
‘the COnverter is normally a,separate piece of 
equipment. _ Bieta te ae 
_.. The Navy uses several methods of 
transmitting teletype signals. FSK (Radio 
Frequency shift keyirig) and  audtio frequency. 
shift keying in multiplexing are: covered: in. the 

succééding paragraphs. 


. FREQUENCY-SHIFT. SYSTEM 


.. Fhe -frequéncy-shift system is illustrated in 
* figure 9-4. The transmitting end of this system 
(figure 9-4 A)isa: teleprinter, .a frequency-shift 
keyer urfit, which is built into the transnfitter, 
and.a-transmitter. * . 
When the teleprinter. is operated, the direct, 
current teleprinter mark and space signals are 
» changéd by the keyer unit into. frequency-shift 
: intervals. An “on”. or ‘a “current?” interval. is 
y called a MARK or MARKING impulse. An “off 
g © OF no-current” interval: is called a SPACE or 
SPACING impulse. The: frequency shift intervals: 
aré transmitted ‘as carrier frequency-shift (CFS) 
a Signals. The carrier shift is very small compared 
with the frequency of the carrier; it may be-on . 
the order-of 850 cycles. | - a — 
On the receiving side of this systeni (figure:” 


» 


° 70.64 9-4 B) are'a receiver; a frequency-shift-converter, ° 
Figure 9-3.—Transmitter transfer switchboard ~ - and a teleprinter. W:h ¢n the carrier a 
os $B-863/SRT. ' * frequency-shift. signal €nters the receiver, it .is 
opt ae detected and changed. into a corresponding 
‘ ‘ 4 frequency-shifted:audio signal. The ‘audio output 


transmitters. When more than 10 remote of the receiver. is fed to..the converter, -which 


stations or 19 transmitters are to be connected, changes the frequency-shifted, audio signal into 
_ additional transfer switchboards may be the direct-current mark. and eats teletype 


installed. Position 20 of. each rotary switch is . a ‘ 4 : 
provided for connections to an additional - COMPARATOR-CONVERTER 
transfer Switchboard to control extra ° GROUP AN/URA-17C : 
transmitters. The switches consist of 12 wafers : 
that connect the start-stop indicator, keying, 12 : ; 
volt d.c. microphone carrier control,and cairier  AN/URA-17C is used to convert the FSK audio. > 
veces wif te : me Output of standard radio receivers into d.c. ; 
indicator circuits for the various transmitters. ua pulses for the operation of teletype printers. The 

- Any of the remote stations-may. be.connected to. - AN/URA-17C consists of two identical 
‘control any of fhe transmitters in the'system. frequency shift converters. CV-483C/URA-17 : 


»sThe Com parator-Converter Group 


Oe * : 
8 . : ~ 
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CARRIER FREQUENCY 
SHIFT SYSTEM 
TRANSMIT 


a 


wt "CARRIER FREQUENCY 
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shown" in figure 9-5, a closeup of one converter 


Has its own comparator Circuitry. Hence. a 
separate comparator unit ts.not required as the 
-, case with the older model AN/URA-8B. The 
’ AN/URA-I7C is'a completely transistorized 
equipment with printed circuit. boards making 
“its. physical size less than half jhe size of the: 
_ AN/URA-8B. There is stdll-a number of 
', AN/URA-SBoeconverters in-use; however, present 
Procurement of frequency shift converters is 
. confined to the AN/URA- 


discussion -hereafter will be-solely on the 
AN/URA-I7C, both converters are deSigned to 
’, perform the same functions. < 
‘The comparator-convertér can ‘be Operated 
with two:radio-receivers:in-either space diversity 
or frequency diversity receiving systems. When 

, , €0nditions do not require diversity operg.ion; 
- each converter can be used separately witha 
a \\single receiver for reception of FSK signals. In 
. this ‘latter usdge, the two converters can be 
’ operated. in two inde 
circuits, ° 
For either space diversity or frequency - 
diversity reception, two standard Navy receivers 
are employed in conjunction with the 

. cOnverter-comparator group. In space: diversity 
“ operation, the two receive 


. 


antennas are spaced some distance apart, 
Because of the required spacing between 


. 


Pig 


‘Chapter §-FACILITIEY CONTROL ‘@PE 


—_ illustrating controls in figure 9-6. Each converter® 


17C. Although ~ 


4, 


rl . during operation and the sequence of operation 

for.the two modes-(single receiver and. diversity: 

» ,  Te¢eiver operation) are contained ‘in. Appendix II 

ee “+ ° ofthis manual. ee Oe 

EQUENCY SHIFT: ~ —. # , 

vs ev—4e3/ URE ° oe ” " 
aa hae we ESSENTIALS oe 
- - ‘+ 50.76 OF MULTIPLEXING. 
——Figure-8-5.+ Comparatdr-convertergroup-AN/URAZI7(C]-— ‘ ; % 


pendent communication . 
q 


afe ‘tuned to the . 
same Carrier , frequency, “put their’ receiving . 


og 
A 
* 


' 


“arnt 
RATIONS 


“antennas, space, diversity usually is limited to 
"shore station use, In frequency diversity 
operation, the two -recéivers are tuned to 
different carrier frequencies that are carrying = —— 
identical intelligence. Frequency. diversity. ~~ 
reception commonly 4s used aboard ship for: 
copying fleet broadcasts, which are ‘keyed 


simultaneously on several frequencies, . 
. oe 7 


‘7 
t 


-In diversity reception,.the audio- Output of 
each receiver is connected to its associated 
, frequency shift converter, Which: converts the ° 
frequency shift characters into d'c. pulses. The + . 
d.c. (or mark-space) pulses from each converter 
are fed to the comparator. In:the comparator, an 
Qutomatre circuit compares the pulses: and: 
selects the stronger mark and the stronger space 
pulse for each ¢ 


haracter. The output of ‘the . 
comparator is patched to the teletypewriter. 


ste 


scription of all controls pormally used ‘ 


. % 


Multiplexing is the ferm_applied to the 
process of converting information.received from . 
a telephone. Jelegraph, or teletype circuit in 

" original intelligence form into'a common time:or 
spectruin-shared signal with ‘information 
received from-other wire telephone’ telegraph.or 
teletype circuits. ; io 4 ‘ 


4 


“oe 


Lene of multiplexing is to incréase’ 
the nuhyber of intelligence channels, hence 
volume of intormation, ‘capable of being sent 
simultaneously over a given wireline or radio 
medium. This. naturally, reduces equipment and- 
» line requirements, and permits a greater number 
of users to operate in a given radio spectrum, 
Either of two methods-of multiplexing may 
be used. These are “TIME-DIVISION” and 
‘“F REQUENCY-DIVISION” multiplexing of 
which frequency division multiplexing is the 
most widely used method by the Navy. ae 


x 
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7.0 SHIFT FUNCTION * 


_AND DEMULTIPLEXING 


” Time division multiplexing is a method of 
combining: two or more information sources.into 
a single transmission. by using time sharing or 
sampling techniques. All channels. are 
transmitted’on the same operating frequency, 

‘but alternately _so so ‘that’ each one is transmitted 
only part of the” “time... Demultiplexing a: time. 
division multiplexed signal is--the__process: of - 
sensing. and separating the channels from “their 
position in the mulfig.exed:signals. ~ 
Time division multiplexing: is used’ primarily 
on long haul. HF citcuits by ‘commercial :users, is 
illustrated in. figure 9-7, Two to. four separate 
’ teletype inputs are sampléd in sequence by a 
. ., distributor arm: rotating at: a\predetermined, rate. 
--In one revolution: of the distributor arma 
character on channel A is picked up. and 
transmitted, then the chatacter on, channel B, 
ther? channel C, then channel D. ‘Thus, the.time 
required for each revolution of ‘the distributor 
arm is divided between the four. separate TTY 
channels being multiplexed (combined). 
Demultiplexing takes place at the receiving 
end of a circuit. Figure 9-8 illustrates the basic 
principles of reception and demultiplexing the. 
multiplex signal. As the name implies,.it reverses 
the multiplexing. process. The. multiplexed signal 
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Figure 9-7.:Basic time anison multiplex (transmit), 


s Y 


is fed into a deniuitipiexin distributor that is 
rotating at the same speed’ as the multiplex’ 
distributor, and in synchronization with it. At 
the instant that a channel A character is 
received, the demultiplex distributor is” 
establishing electrical: contact -with the channel, 
A receive- equipment and routes the character to. 
its intended receiver. .It-then.makes:contact with ~ 
channels B, C, and D in sequence and routes a 
character to each~before starting another 
revolution. 7” - 


MULTIPLEX | 
SIGNAL 
FROM:RADIO |. 


7 - 34,123 
Figure 9-8.—Basic time division multiplex (receive). 


FREQUENCY DIVISION: MULTIPLEXING 
» AND’ DEMULTIPLEXING 

Frequency division multiplexing is a method 
of multiplexing in which the total frequency 
spectrum available is divided into channels, each 
of which occupies a particular frequency range 
all-of the time. 

De multiplexing ‘a frequency division 
multiplexed signal channél is the process of 


from the common: group of channels into which 


velegraph. terminal. involves translation from d.c. 
carrier to audio frequency carrier of the 
intelligence of two or more (normally sixteen) 
teletypewriter or other digital data channels 
_ connected to. the send side of the terminal. The 
audio frequency carriers of the individual 
channels aré then combined into a common 
voiceband channel called “the multiplexed or 
composite. channel. These audio frequency 
carriers are referred to normally as subcarriers, 
because they later modulate a radio frequency 
carrier. Each channel subcarrier is separated -in 
frequency from adjaceiit subcarriers-to an extent 
permitting the transmission of modulation 
; information without the effects of intérchannel 
interference or bandwidth restriction—the 
" separation on military channels Is a minimum-of 


Ly wie 


separation (filtering) of the individual channels _ 


x ~ 
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170 Hz, Each -channel subcarrier is assigned a 
specific center frequency, and is always adjusted 
to operate at a specific operating level. 

Figure 9-9. illustrates the basic principles of 
frequency division multiplexing. This principle is 
used on practically all Navy primary 
comniunication circuits from point-to-point. As 
illustrated, the’ telegraph system has a capacity 
of sixteen—channels_of telegraph (teletypewriter 
or other digital type) information. All channels * ., 
are brought into.a-central point, called a: Primary 
Technical.Control Facility. All channels destined 
for a particular, geographical area are connected 
to the telegraph terminal assigned to the 
appropriate communication circuit for that area. 

Each teletypewriter. circuit is.connected to a 
“Modulator-Transmitter” which is connected by 
its output circuit to the output circuits of all 
other “Modulator” Transmifters.” This forms a 
“Bus,’* or common connecting line to the 
‘“Common Components” of the equipment, 
where the combingd audio channel signals are 
amplified; modulated by group ‘or sub-group. 
modulators, and controlled: by attenuators, 
‘meters, patch,panels,.and monitoring circuits. 

‘The Modulator-Transmitter consists of a 
source of audio of vpraale frequency for each 
channel; and a special circhit by which the direct 
current ‘teletypewriter signals ‘modify the 
frequency determining characteristics of the 
channel oscillator infSuch a manner as to repeat 
in audio form what is received from the keying 


8 


they ° ave-been“tnultiplexed—______________loopit in direct current. form.. 
Frequency division multiplexing within a- 


All channel -oscillators are fed to the 
common ‘“‘Bus,’’ then amplified, further 
modulated for spectrum translation where 
necessary, and routed through attenuator pads, 
monitoring jack fields, patch panels and line 
‘matching_transformers - ‘for, proper trgnsmission 
of the aggregate tone ‘signals to. the radio — 
transmitter via land. line or radio control link 
circuits. 

The principles of demultiplexing within a 
telegraph terminal utilizing the principles of 
frequency division multiplexing are illustrated 
~.~by..Figure 9-10. The. common band of audio 

signals are received: from the radio.-receiving. _ 

station. They first are applied via patch boards. 
and monitoring panels to the system. common 
amplifiers, equalizers,. ‘groip demodulators and 
control attenuators. Then to the output “Bus” 
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Figure 9-9.—Basic frequency division multiplexing (transmit). 
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~~ of the common equipment to the inputs of all 


individual ‘channel receiving and detecting 
circuitry, thence to the individual end terminai 


. devices in the- original direct current signal form. 
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D-C TELETYPEWRITER SIGNA' 


os 
D-C TELETYPEWRITER SIGNAL | - 
- 


_ 31.125 


af 90 bauds. Loop options include 60 ma’ 


neutral, 20-ma polar or 6-volts polar keying. The - 


center frequency for channel one is 425 Hz and 
channel 16 is 2975 Hz with a 170 Hz 
progression for the channels between 1 and 16. 


FREQUENCY DIVISION MULTIPLEX _ 


in 

The AN;FCC-69/70 is a two-unit 
multiplexing system consisting of one 
AN/ECC-69 and one AN/FCC-70 (figure 9-11) 


- oo Felegraph Terminal. The AN/FCC-69 is a 


receive-only unit which demultiplexes a 
composite signal sent by a AN/FCC-70 
send-only. multiplexing unit. 


The AN/FCC-69/70 system has a channel 


capacity of 1G:channels with 170 Hz separation 
between-channels and a@ maximum signaling rate 


° 


~~ Maximum operational flexibility is achieved 
by the installation of circuit patchboards and — 


160: 


D.C. DISTRIBUTION. 


distribution frames. The communications station. 
emplo¥s distribution frames for concentrating 
individual -circuits into cables: these-frames serve 
as the point of equipment interconnection, and 
as the interface point between the outside world 
and the distribution within the building. 
Interconnections between the cables are 
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adcomplished’ ‘by. “cross-connect” wires-that are entrance of all communication circuits 
run: between the individual wire termination of concerned with -the mission of the 
the cables at: the: frames. The: -patchboards serve communications center. Four types of 
as the access point for operators to.monitcr the distribution frames -‘may be used within a 
signal carried by individual cable wire pairs and communications station and are identified by 
' permit operators to, :reroute circuits and to - their employsnent. . ‘ 
me ‘substitute - equipment serving a circuit. Types of ° 
ees ee ‘frames-anid-patchboards— ——-~+ 
: are ciieed below. . Main Distribution - 
ae Frame (MDF) 
_ DISTRIBUTION FRAMES ; é ee a ; , * : 
3 The MDF is the division point. between. a 
_ Distribution frames * are used to ‘terpinate* communication component and the outside, The 
cabling from equipments, ‘patchboards, and MDF is configured of horizontal and vertical 
battery, sources. A distribution frame is also tised terminal. blocks. The horizontal blocks terminate. 
‘to serve as a central’ ‘point for the exit and circuit cables entering the building. Vertical 
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blocks te us caed to. terminate cables that support 
circuit ci pica within the building. 
Intermediate - Distribution 

Frame (IDF) Mh 


The IDF terminates internal distribution 


cables, equipments and: patthboards that process 
black (unclassified) information. The IDF 
-should’ be’ physically separated “from the CIDF 
by a-minimum-of :two: inches; however, it is 
desirable: ‘to locate these units further apart or. 


* on opposite. sides of the room. 


Classified Intermediate - 
‘Distribution F rame (CIDF) 


_ The CIDF terminates cables, equipments, 
and- patchboards that process RED (classified) 
information. Current security ‘regulations 
prohibit the termination of circuits carrying 
tlassified information to: the same distribution 
frame ‘as those:carrying unclassified information. 


Combined Distribition 
Frame (CDF) 


A CDF may, be ede ab small stations, serving , 


the ‘purpose of both the IDF and MDF. When a 
CDF is used, the blocks that terminate cables 


e 


panels -are wired so 
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— 
equipment is “normalled-through”, thus, for 
normal operation the use of patch cords is not - 
necessary. 

In ‘order to attain complete flexibility, the 
patch. panel and associated patch cords ,permit 
access to all lines and equipment and. provide a 
means for testing inoperative equipment and/or 


lines. In most instances, test -equipment.is wired © 


into a patch panel to facilitate testing. 


* DC PATCH PANEL BAYS 


5 Py 


For control purposes, all-d.c. circuits appear © 
on-one or more d.c. patch panels, and all audio — 
circuits appear On.one or more audio panels. The | 
patch panel with the incoming receive lines and 
the outgoing send lines is designated as the 
UNCLASSIFIED or BLACK patch panel (Figure 
9-12). The patch,panel with. the crypto 


‘transmitter input circuits and-the crypto receiver 


output circuits:is designated as-the CLASSIFIED 
or RED patch panel (Figure 9-13). The patch 
‘that. technically any send 
deyice- may be -patched. to. any receive device, 


and ‘any -receive device may ‘be » ‘patched to any 
_ send device. No two-sending: devi >eS-OF receiving 
devices can be patched together without causing . 


a visual alarm, as well as an audible: alarm. 


Interrelated: circuits. are normally. grouped — as 


close together as possible (operationally and 


and_ systems. that interface with the outside geographically). Send and receive portions of the 


world are tobe positioned horizontally. Blocks 
used to terminate. cables supporting internal. 
distribution.are-to be positioned vertically. 


PATCHING FACILITIES 


The smallest of switchboards eh panels 
add flexibility i in the capability ofthe. station’s 


equipment. The degree of utilization of such . 


flexibility is primarily dependent on the 
ingenuity and resourcefulness of the operator or. 
facilitiés controller, “This means that spare 
and/or normal equipment and ‘lines can be 
interchanged and interconnected without 
resorting to physical rewiring. The. patch panel 
jacks are actually wired in ‘series to the 
distribution frame wiring sO that under normal 
circumstances each: circuit and its associated 
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same circuit are normally located side by side, 
The odd numbers are send details and the even 
numbers are the receive: details. . 

Each circuit. (send and. receive).on the 
standard d.c. patch panel requires two types of 
labels, one on ithe BLACK..patch panels and a 
corresponding label on the RED patch panels. A 
standardized labeling system. giving as clear a 
picture as- possible of. the various_.equipments 
that are wired into each circuit is prescribed in 
the effective edition cf COI 104 and is used 
throughout the NAYSECGRU. The basic 
difference ‘between the RED and BLACK patch 
panel: labels is that the RED label will identify 
terminal equipment and the BLACK label will 
identify trunk lines and circuit numbers. The 
important thing is for the facilities controller to 
be able to réadily identify what is connected to 
the circuits. i : ‘ 
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Figure 9-12.—Unclassified patch panel (BLACK). 
BLACK ‘PATCH PANEL _ 


> 


“~~. The ‘black patch panel provides patching 
- capability “and contro! for all unclassified. d.c. 


oc 


‘trunk lines and crypto equipment. In addition, 


hares 


=~ “the BLACK: patch panel has ancillary equipment 


installed in it for various purposes (e.g., meter, 
; alarms, fuses, and‘line current: controls). , 
a Circuits are assigned to ‘specific details on 
the patch .panel. Each ‘detail consists of five 
appearances, activity lamp, monitor jacks, line 
jacks, equipment jack and contro! switch: (see 
figure 9-14), 
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“Figure 9-13.—Classified patch panel (RED): 
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, Located at the top.of ‘each detail is the ° 
activity Jamp. This lamp is designed to blink’ 
when -the circuit is being keyed. The lamp is 
activated (on) during a mark transmission and 
deactivated (off) during a space transmission.” - . 

Monitor jacks permit lines to.be!analyzed.or._ 
monitored without interfering’ with the Signal | 
”“being-passeu on the circuit. ‘ ‘ 
The. lifie~jack offers direct access to the 
outside line, send--or. receiye, “A: patch: cord 
inserted in this jack will eléctrically. remove the 
line from the rest of the detail.“ ~~~... , 
The third jack in the detail located just’ 
below the line jack offers direct access to the. ~~ s 
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“equipment normally assigned to the circuit. 
_ When a ‘patch cord is inserted in this jack the 
equipment normally, assigned ds electrically 
“removed from the détail.. eed 

.- The control switch’i in each jack detail-is used 
_to control or to ,“cut off” the signal flow 


. line jack or allow the signal to.flow through the 
defail as normally. wired. The switch is.marked 
with an arrow in order to recognize its position. _ 

__ When ‘the switch. is ‘in. the vertical position the - 
signal “will flow through the detail. I If the. control 
switch is rotated to the horizontal position the 
signal flow is: ‘cut one. 


f MISCELLANEOUS DETAILS. 


Provisions have beén made for miscellaneous 
details across the bottom of patch panels (figure 
9-14) to serve various purposes. The 
‘miscellaneous details..consist of a lamp, control 
switch and jack. They are not numbered in any 


Figure #14.~dtanderd ee on a black and/red patch panel. 


. between the: equipinent jack-and-thé line on the * 


RED:PATCH PANEL 


yo , -- 34,427 


< . “ - . wa ~ e . bal 
numerical’ order due to their varied -use. A 


breakdown of the miscellaneous details and their | 


varied uses can be found jin the eurrent edition 
of GOl- 104. - : a 


“PATCH CORDS 


Each patch panel bay has 'a cord shelf’ 


extending out from the panel. The shelf holds 
the retractable patch cords and also provides a 
writing space. _ 


A three wire patching : Aen (tip, ring, and 


sleeve circuitry) is employed in the cords and 


* 


jacks as follows: 


a. Tip Circuits, The tip-of the patch cords : 


‘and jacks carries the intelligence signals. 

b. Ring Circuits. The ring of the patch 
cords and jack carries the timing or “step” 
information, Step circuitry on Jow speed ‘links is 
utilized only on the input to the CQ MSEC 


OF error cout! equipment. ‘On hie speed links, 


ring circuitry. ai cafriés. step to the receive 
buffer-or Técviye: ‘end? ‘equipmeiit. - a 
Cc. Sleéve. Circuits: The sleeve of the patch 
cords and jacks carries the supervisory or alarm” 
circuits: These alarm. circuits indicate visually ~ 
and: audibly when a mispatch, has been made 
‘(i.e., send equipment patchéd to.a receive line, 
; oF ‘an ae seated patch’ cord). 
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“PA tth cords are usually color coded (white, 
Ted. ‘black; and green): and’ have five different 


~ 


4 a, SEND. The send cords are white ‘in ° 
cblor, equipped with a single plug, the other end’ 
‘being ‘permanently wired to keyboards in the 
FC Qo spaces, _ 4 


/ b.. RECEIVE. The-receive cords are: Ted and 
, also single plug with, the other, end being hard 
/ wired.to inonitors in the FCO spaces. 


in color and equipped: with a single plug, the 


and designed the same as a Send Cord. 


d: METER AND SCOPE. The. ineter ‘and 
“scope cords are alsoblack aid located on the 
_ right-andleft of each. patch panel. separated from 
oe ‘the other rows of cords. The meter and scope 
. cords are designed -the same as receive cords, 
with.a. single plug. A push-to-read button is also 
associated with the ‘meter cord to protect the 

sheter. ‘from inadvertent shorts, . 


feSs °°" BATCH CORD: The patch cords’ are 
“" +" preén and located in the ‘two back rows farthest’ 
‘away from:the controller facing the patch-panel. 


allowing ‘the ‘Operation of: the facility to patch 
both ends, neither ‘being Permanently wired to 
any facility. The -patch cords. are wired’ TIP to 
.TIP and :RING to RING, giving straight'through 


-c.> FOXTEST. The foxtest cords are black 


-other end being ‘captive to electronic fest t keyers : 


- These .are double ended, captive’ patch cords . 


AUDIO PATCH. PANEL - ie 


; The audio patel saiidl (ieine: 9-15) Bvenites: 
in a completely (unclassified) BLACK - 


environment and is. used primarily for high: speed 


data circuits. Circuits appearing at this board are . 
also routed. . through. the comunercial, and DES: 


" repeater.stations, but.the d. c. .to. audio 
conversion: does not take ‘place'as the signals are 


j already — in audio form and eee for 


‘transmission. 


. The patch facility is divided ito three 
the: uppermost section is a panel. 


sections: 
containing two -decibel. ( db)-meters; the second 
section- contains the equipment, line. and jack 
patch modules; ‘the third section contains all. the 


test equipment. jacks. “There -is no~cord’ shelf’. 


associated’ with the. audio patch facility... 

'Whéreas the d.c. panel uses a ground return 
system, . the , audio- ‘panel uses two wires and 
therefore. each. detail contains:two: ‘jacks each for 
monitor, lirie and equipment. Patch cords are 
- necessarily. two-pronged, The line jack on the 
audio board refers-to the outgoing and incoming 
lines, and the equipment jacks are connected to 
the Modulator/Demodulator. 


__MQDULATOR/ DEMODULATOR ( MODEM) 


‘MODEM. is necessary to convert an incoming | 


signal to a forin Suitable for operation of receive 


terminal equipment and to convert the outgoing , 


signal to A, form-suitable for transmission. There 


are various. MODEMs. used in the FCO spaces, : 
most, of which are discussed. -in the:, Suara 


-< edition. of COI. 104. 

Most MODEMs function auramateally and 
Tequire little or no adjustments ‘by facilities 
control Personnel ufter being initially- set. 


COMSEC EQUIPMENT ’ 


on reproduction-of-any signal-on: these two circuits. 


By - mahjpulation of the patch cords, the 
facilities controller can test out and/or 
interchange normal'or spare lines and: equipnient 
‘ aS necessary. In-thé event of equipment failure, 
» «+. Or when -changes occur in operational 
requirements, thé controiler can virtually patch’ 
to or around any ‘position on the  jackfield. 
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Though there are avenl different models of 


on-line crypto equipmient in ‘use throughout the , - 


Naval Security Group, they are all designed to 
perform the same function. This function is. to 
encipher or decipher a _teletype or digital data 
_ Signal. . 
Basically, the crypto transmitter accepts a 
“plain text” teletype signal containing classifi ed 
material, adds a ‘skey” (randomly chosen marks 
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‘and spaces) generated: within and dancniifs the 
sum_as “cipher text,” and enciphered teletype 
signal. The crypto receiver accepts si 
enciphered:teletype signal and: generates a key to. 
match the one.generated-by the transmitter. Ti he 
receiver subtracts the key from-the cipher, ‘text 
input signal, which restores the plain text 

: *  teletype’-signal, and passes it,on to the RED” 
ates _~ “spatch_panel.for.. dissemination: to.-the-terminal-— 


” 


is 
ae 


The RED patch panel is, with fo) a centon, 
electrically/medhanically of the same design- as 
‘the BLACK patch panel. The absénce of circuit 
“activity lamps, iri the RED. pat¢h panel is the 
exception, . 

; The “LINE” jacks ure the ter ination point 
; for the COMSEC equipmen on the RED 


~ eee he me we ae 


Figure9-1 5.-Jackfield of audio board. 
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equipment. . : Another function of the RED patch panel is 
Fi . the, “STEP” signal. This -signal: is a timed pulse .. 
"RED PATCH PANEL emitted by the - crypto transmitter used to’ 


, Stel panel, nn the “EQUIPMENT” jacks are. 


manner as the: BLACK pach panel. 
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the termination point for the. teletype — 
equipment. The Jacks ali function in, the same 


+4 


As with the BLACK’ pitch’ panel, the RED . 
patch panel has ancilliary devices installed for 
monitoring and ineter reads - 
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synchronize the teletype keyboard/transmitter 
distributor (tape re with the crypto 
equipment. 

The step ptilsc activates a clutching circuit, 
causing the keybuard or transmitter-distributor 
to “lock-up” (stop Sending) momentarily. This . 
action, slows the teletype output to match the 
crypto transinitter’s circuit timing. 
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__END TERMINAL DEVICES 


End.‘Tetmirial Devites-may be teletypewriter 
equipment and/or .data terminals ‘which consist 
‘of ‘input and output equipmeiit, modulation and 


'. demodulation devices, and. manual or automatic 
Supervisory controls,. There is.an ever increasing . 


variety of END: ‘terminal ‘equipment installed 
afloat and ashore, and: for this ‘reason a-separate 


chapter (Chapter 10) is devoted to DSSCS low.. 
and. ‘high speed terminal -configurations which * 


- include a variety of teletypewriter. équipment, 
A ‘detailed examination of the 2 telegraph 
codes used in the NAVSECGRU 
“communications will be. the subject of this 
section. ee a 


DIGITAL SIGNALS, 


All. inshouse feletypewriter and data bit 


_ Signals -are digital. A, digital electrical signal is . 


one that changes from one step to another in 
discrete steps. 
controller is: concerned with are digital signals 
that contain only two different steps or levels; 
these signals are termed digital binary signals. 
The use of digital binary Signals requires 
equipments to react to only. two-conditions, The: 
terms that are normally- applied to thesé two 
conditions in the communication field are 
' MARKS and. SPACES. MARKS indicate ‘the 
active condition and -Spaces indicate-the passive 
condition. These binary digits (bits) are:arranged 
in:a-sequential, order to represent characters-in a 
predetermined code. ‘ 
Upon receipt of a deciphered teletype signal 
from the crypto ‘equipment, the téletype 
equipment must convert it from. an electrical 


code to mechanical actions which .cause..the- 


information to be printed or punched. In ordér 
to understand this conversion process, an 


understanding. of the teletype coding system is : 


necessary. _ - 
INTERNATIONAL TELEGRAPH : 

_ ALPHABET NO. 2 (ITA2) 
FIVE.UNIT CODE a 


If a teletypewriter signal could be drawn on. 


Paper, it would: resemble figure 9-16, In the: 


common teletype. configuration, a mark pulse is 
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The signals that the SI facility 


and their arrangement is dependent upon-which. ‘- : 


1.197. 


A os : 
Figure 9-16,.—~Mark and space signals in the 
teletype character R. 


- 7 fh, 
. condition where current flows in the circuit. A 
space pulse is. a condition where no current. -- 
flows in the circuit. Shaded areas show intervals -~. 
during which- the circuit is -closed (mark), and 
the blank areas:show intervals during which ‘the 
circuit is open (space), Each character of the | 
teletype code ‘consists ‘of a combination-of-‘five 
mark or space pulses, To transmit each character 
‘it takes‘a total of seven pulses, The fitst pulse is 
always-a spacé and is called-the start pulse. The 
next five puilses are those of the teletype code, 


character is being transmitted. These five puilses 
all ‘are called the intelligence pulses. The seventh 3 
Pulse is always a mark and is called the stop’ | 
pulse, Although a teletype machine may be, 
Operating at its maximum. speed, there are 
always seven ‘pulses. generated for each character. 
transmitted. The first:and last (start/stop) pulses 
are there to maintain synchronization ‘between 
sending and recéiving units..’The time duration. ; 
of each pulse is determined by the speed of — : 
operation of the teletype: machine, noe 
Examine figure 9-16 again. This js : 
theoretically a perfect signal..The time between .. : 
~each~unit remains the same during its 
transmission, and the shift from mark to space 
(arid vice’ versa) is. called a TRANSITION. A 
transition occurs at the beginning and end of. 
each, unit ‘when it shifts from mark to space or - 
Space to mark, and there will be only 2, 4, or 6. . 
. transitions for each character. : . 
‘When figuring ‘tinie duration of a signal 
character no allowance for transition time is: 
“made, as the transition is instantaneous and is 
considered to have zero, time: duration. The time 
duration for each unit is measured in: 
milliseconds. The uniform lengthening’ and. 


Tes ~ oa 


shortening of each unit delermines the 


_ MODULATION RATE (signaling speed). 


There are many telegraph codes in military 
service; however, the ITA2 five-unit code has. 
been the most commonly used code in modern 
printing: telegraphy, and is universally employed 
for teletypewriter operation. 

In the :ITA2, the characters:or symbols to be 


"transmitted are "represented by a series of five 


equal code elements, each of which occupies. a 
specific position. The code element occupying 


-any of the five positions’ ‘may be either a-mark or 


a-space. With such-an arrangement, a total of 32 


combinations is. possible. This includes the 26 


characters. of the alphabet, space bar, 
(movement of one space without printing), 
carriage return, line feed, blank, figures shift and 
letters shift. The 32° possible combinations 
available-from the 5 unit code are insufficient to 


handle the alphabet and numbers, since 26 
combinations are required for the letters of the 
English alphabet alone. This leaves only six 


combinations for numerals, symbols, or 
nonprinting functions. It was therefore 
necessary to. adopt a plan to enable a larger 
number. of characters to be included, and this 


_ was doné as.follows. 


Two of the332 combinations, (figure shift & 


letters shift) permit 30 of the available 32 


combinations to have two meanings. When a 
letter shift is transmitted, it sets the "receiving: 


"> teletypewriter in a. condition to recognize any 
. signal combination subsequently received to be 


recorded in the letter case.-All figures, 
punctuation marks, and other symbols are 


- transmitted by using the figure shift and shifting 


to upper case. This enables transmission of a 


| [ae FETE 
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Figure 9-17.—1TA-2 five unit teletypewriter signal code. 
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total of $2 printing characters and five 
functional characters. The one combination 
consisting of all spacing elements (blank) is 


possible ‘but is not normally used except as part 


of some special signal, or when generated as a. 


result of superpositioning of codes as in some 


security equipment. The ITA2 five -unit code is. 


shown. in figure 9-17. 
The ITA2 five unit code offers a high degree 


of efficiency in transmission, but with 1 the * 


penalty that’ any efror introduced in a bit 
pattern during transmission changes the pattern 


_ into an incorrect but equally valid: one. There:is 
no way of correcting or detecting the error, 


except by reference to the message context. 
Fortunately, in the case of messages of a 
narrative nature, the inherent redundancy in 
written language is often sufficient to permit 
errors in transmission to be both detected and 
cortected by inspection of the decoded text. 

On the other’hand, the ITA2 five unit code 
is unacceptable in the modern world-of ‘figures 


(statistics, digital data, etc.) where the context | 


of a character offers no clue to its accuracy, and 
when the transmission media (radio) involved is 
subject to high error rates. In these 


circumstances, and also where additional i 


characters in.alphabet are desired, a code with 
more signal elements per character, offering 
more permutation than the desired alphabet 
requires ‘must be used. : 


AMERICAN. STANDARD CODE 
FOR INFORMATION INTERCHANGE © 


(ASCII). . 
The growing multiplicity of codes used in 


computer and other. data processing, systems led 


 §0.89:1.198 


to .a study of the problem by the American 

Standards Association, with the object of 

‘devising a new coded.character set.that would-be 

acceptable for the interchange -of information 

° among information processing systems, 

comimunication systems and associated 

_ equipment, The’ ASCII code has.been adapted as 

|. -.‘the-standard code for teleprinter equipment, the . 

same: as for digital data communication 
equipinent., 


“The 7-unit ASCII. code contains [0 bauds (or . : 
i term) per-character, ——_b7-b6_b5 b4 b3 b2 b] 


‘-andvis uséd wherever practicable. Thége are the 
start bit, seven intelligence bits, a parity bit, and 
a stop bit. The start, stop,cand intelligence bits 
perform 'the same function as. they do in the 


ITA2. code. The PARITY (even) bit is a check * 


" bit usedi'to insure an even number of marking 
‘bits is) in each character transmitted. The 
example* of the letters,““R” and “Y” siiown in. 
figure 9-18, utilizing the 7 unit ASCII code 
illustrates’ the ‘parity: bit ‘usage. You will notice 
the ‘Jetter “*R”’ contains three’ marking 
intelligence bits and amarking pafity bit (Shaded 
: Area); ‘whereas the “Y” contains four marking 
intelligence bits (Shaded Area) and a spacing 
’ © parity bit. Thus both characters are. insured even 
Parity “as requirea for military digital data 
. - Processing equipment usage. The 7 unit ASCII 
~ ‘code table presented in figure 9-19 provides 128 . 
different bit patterns, all available for 
" assignment to-ciiaracters, The bits are-numberéd’ 
from b7 (high order) to'b}. (low order), 
~. Columns 2 through. 7 in. figure 9-19 contain 
e English alphabet (upper and lower case 
= 3 €tters), the numerals 0-9 and a number of 
punctuation signs and mathematical symbols. 
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LETTER "R" 


~ LETTER "Y" 
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Figure 9-18.—Representation of sharacters aA = 
and “’Y"' using even parity 8—Jevel ASCII 
| (MILITARY) code. 
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‘Columns 0 & 1 -convain- those control 
functions that were considere’ most important 
to meet the requirements of data processing as 
well as communications. See Appendix III fora 
legend. of characters listed in columns.0 & 1. 

The seven intelligence bit character 
representation. with b7, the high order bit and: 
bj, the low order bit -are shown below, . 
Example: The bit ‘representation for the 
‘character “K’” positioned in:colunin 4 row 1] is: - -. 
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DIRECT CURRENT 
TELETYPEWRITER CIRCUITS 


It has been -pointéd out that the two 
conditions, mark and-space, may be represented 
by any convenient méans. Within the DCS, the 
‘two most comnion are neutral operation, in 
which current flow represents the mark and.no cme 
current flow represents the space, and polar 
Operation, in which current impulses of one 
polarity represent. ‘mark and impulses of the : 
Opposite polarity of equal magnitude represent 


cthe space, 4 
NEUTRAL OPERATION 


Neutral circuits are common withintheDCS 
and make use. of the presence or absence of. . 
current flow:to convey information. These 
circuits_may.operate-with-either siti 
.or with a,negative mark; they may also use 60° 
milliamperes.(mA as the line Current-value; or 
. they may use 20 mA, A-neutral:teletypewriter 
circuit is’composedi of a transmitting ‘device, a 
‘battery source to ‘supply current, a variable. 
resistor to control the amount of current, a *~ 
receiving device, and:a line for the transmission. . 


~ medium. : iMate 


« 


POLAROPERATION =. = 


The most common direct> current telegraph 
mode in NAVSECGRU is Polar operation. Polar 
operation.differs from neutral, as information is 
always present in the system, and is either in-a 


* 


a 


INDICATES -. 
Sth: BT. 
MARKING - 
EVEN "PARITY 
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positive or 
teletypewriter circuit is composed ‘of. the “same 
items as a neutral circuit plus an additional 
> battery source. The reason for having an extra 


NOTE: THE UNSHADED AREAS we ao ian CHARACTERS “ 
_Figui siiaiesicla standard cqdé for information interchange (ASCII) for. military use. 


gative condition. A polar 


"space is being transmitted. 


we source of battery is that the standard polar’ 


iis ..cireuit uses. positive -battery. -for mark .and- 
negative . battery for space. The normal polar 
operation in NAVSECGRU is-a 20 mA positive 
mark condition. 

‘s The most significant, advantage to polar 
operation is that: for all fractical purposes it is 
almost impossible to distort a signal: through low 
line currents, high reactance or random patch 
_of signal circuits or equipment. Heat ke 

: ‘advantage’ of polar signaling is that a comiplete 
loss of current (a reading of ZERO on the 
milliammeter) indicates line or equipment 


. 
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trouble whereas the same conditions. with 


neutral signaling may only indicate that. a steady 
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SIGNAL DISTORTION ~* 


As pointed out earlier in the chapter, the 
facilities controlle?’s primary responsibility is to , 
provide the highest quality. circuit performance 


possible. To do this, he must'l¢arn to interpret 


circuit performance through distortion 
measurements.of signals. 

Any deviation of a signal parameter from . 
that of the ideal signal is considered as- ., 


- distortion. In telegraphy, timing .is a prime 


requisite, and excessive wrong timing is a form 
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of distortion that™could cause error in miost - ade rr: : . 
binary systems. . : ms NORMAL SIGNAL : . ° a 


~ An ideal teletypéwriter circuit reproduces | a - s 
Signals at the receiving end exactly as they are - _ | STARTI ~ : ” stop . 
‘, Impressed.at thé sending-end. Unfortunately this 3-0 ; 
€ i ' i 


; , seldom happens under actual ‘Operating is ! F 
 - y*conditions, fot signal’ units have a way of EAARKING BIAS DISTORTION 
i 


1 
' 
‘ { % 
\ Igngtiiening and shortening: as they ‘travel. This, : t ‘ 
« \Vengthening and. shortening of marks.and spaces start | - | L STOP oe 
\occurring during. transinission-reduce the quality 1 i | 
- 3 . j ' I 4 
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i 
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of ‘the signal, and are czlled distortion. 


an Fundamentally, there are Six types of ° \Spacine BIAS DISTORTION ; ‘ 
distortion ‘which adversely affect the fidelity of I ! 4 oo é 
telegraph signals: these are bias, fortuitous, - | I : 
charaéteristic, cyclic, carrier and delay ici ; an my 
distortion. ; , - - 
He 8 & , _ . 
BIAS.DISTORTION a 8 . - ; wag . 

os se eyes . - 31.130 

_. _ | Bias distortioii is the uniform lengthening or . _ Figure §-20.—Normal and bias distorted signal. 

shortening of the mark or-space elements, one at me, : ma? ; ang 
the expense of the other. This means~that the . : 
total time for oné mark and one spacé never 0 _ NORMAL, SIGNAL 


changes: only the length of the mark or space: : 

‘élement changes: If the*mark is lengthened, the * 

space is shortened by the same’ amount.. Bias’ 

distortion’ may ‘be caused by maladjusted 

teletyrcsline relays, detuned receivers, ora drift 
- «in. frequency’ of either the transmitter or < Pena eee 

receiver. Figure 9-20 gives a graphic illustration .— ° ic PRESIITORS DISTORTION 


-of bias distortion. > - 


ts START | 
- FORTUITOUS DISTORTION’ 

Q : ; - 

' Fortuitous distortion. is the random’ ; 

displacement, splitting, or breaking up of the 

mark, or space elements. It is caused by’ - . ee 31,131 
cross-talk interferénce between circuits. Figure 9-21.—Normal and fortuitous distorted ° 3 
atmospheric noise, power ling induction, « . signal. ' 
lightning. storms, dirty keying contacts and such ; : 

similat disturbances. Figure 9-21 gives a graphic, , 3° , 

illustration of fortuitous distortion. ° example would be the repeated shortening of ' 
. , the fourth intelligence unit of a character, as . 
CHARACTERISTIC DISTORTION Bo shown in figure 9-22. 

: Q v , 
Characteristic distortion: is a repetitive | CYCLIC DISTORTION 4 

displacement or disruption peculiar to specific © 9 3). | 
portions, of the signal. It normally is caused by . ° Cyclic distortion is produced by a vanety of a 
maladjusted or dirty contacts of the sending causes. ‘Although the type of distortion is. . 


equipment. It differs from fortuitous distorticn “periodic in nature. it originates from’ some 
in ‘that it i$ repetitive: instead of random. An + defective or improperly adjusted device in the 
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EVERY CHARACTER THAT HAS THE FOURTH 
UNIT MARKING WILL ‘BE DISTORTED 
ae SN . - ae a 
: : a 31. 132 
Figure: ‘9-22,—Normal-and characteristic distorted : — 
signal. . 
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', circuit, Some of the causes are- poor filtering of 


a.c. components fron, power supplies, cross talk 
from adjacent. channels, or radio frequencies 


. beating against each other to produce other 


frequencies,. Cyclic distortidn is illustrated in 
fi igure 9:23. 7 ’ 


“+ 


sCariter distortion is the random ; 
displacement of: signal-element transition that is 


a characteristic of -carrier équipment. It is. 


directly related to ‘the rate of the keying signal 
and: frequency of the tone in the channel..being ° 
‘keyed. As the ratio-between the-keying.rate.and 
the tone being ‘keyed beconies. smaller, the 


‘ amount- of: distortion ‘becomes greater. See: figure 


9-24. 


‘ DELAY DISTORTION 


‘ Delay distortion is ‘the gedit of: some | 
component of a signal ata later time than its 
-other components. When. comparators accept 
two signals and produce’ one demodulation 
output, the resultant. signal. may contain 
distortion due to..the delay of some signal’ . 
component compared to others. 

One method of preventing signal distortion 
on synchronous circuits is achieved by using the 
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Figure 9-23.—Norinal and cyclic distorted signal. 
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TSEC/HW-8, Transmission Delay Compensator 


_ (Figure 9-25). The HW-8 is a-digital-equipment 


toe 


that compensates for-delays it propagation-time 
‘over various communications media, . 
On, a time synchronous communication 


‘*system, the, receiver synehrdnizes on the 


PP ke 


ya 


* action. 


transmitter, If the-length of a transmission line is 
clranved, thee receiver may lose time 
synchronization with the transmitter. To regain 
loss of synchronization, the HW-8 cancartificially 
compensate for the increase or decrease of the 
inherent delay created’ by changing the length of 


the transmission line, 
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TROUBLESHOOTING TECHNIQUES 
. @ . . 
Troublesho¢ting techniques .are -based ‘upon 

a systematic approach fo a-given pfoblem. When 
trouble develops on a -Ommunication circuit, it 
is necessary for the iti controller ‘to-apply. 
his:knowledge and eq4ipment in the most_logical 
manner possible to effect prompt restoral 


‘RESPONSIBILITY FOR 
INTEGRITY OF SYSTEM 


\ 


+ ry 


Facility control. operations. is-resonsible for 
troubleshooting all circuits.- And as the.facilities 
controller, your responsibility starts: at the 
Teceive side of the circuits at. your sfation and 
ends at the :distant station’s serid-side. In other 
‘words, troubleshooting ig initiated. on- the receive 
side of a circuit arid .checked.back.to the source. 
Tf trouble develops ‘ont a circuit you must 
evaluate all availablé factors, weigh them 
against. past experience with similar troubles, 
‘and ‘take corrective action. Your responsibility 
for providing information to thie distant ‘station 
as to the progress -being made towards 
restoration of the circuit is of the utmost 


importance. Without this guidance from the » 


receiving: :-terminal, the sending ‘station cannot 


také effective action of its own. , 
-Once the circuit js restored, the -receiving 


station. is further required to provide the seinding ° 
‘station. with the reason for -outage and other : 


pertinent information,as required. 
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ISOLATION OF TROUBLES 


It would ‘be impossible to describe ‘every 
» type of trouble or interruption that may occut 
in cable, radio or wire Circuits, or to- describe 


what course of action ~nould ‘be taken -when ' 


testing a- circuit. Generally speaking, however, 


a a 


” circuit difficulties fall into two broad catégories, 


(1) equipment trouble and (2) line or signal 


o trouble, depending on the communications° 


media used..One of the most important steps in 
troubleshooting is to determine in which of 
those two categories the trouble lies; furtlier 
Steps ‘will’ determine the exact. Cause. of. the 
trouble. Each: trouble that is reported. must be: 
first verified: and then-evaluated. This-is usually 
done -by plugging a ‘printer position into. the 
monitor jack of the Circuit reported. The’ two 
most common troubles are printers garbling and. 
printers. (receive positions) Tunning. open. Once 
the troublé is verified, its cause should be 
evaluated, , — 

When equipment fails, the faulty equipment 
must -be located and ‘répaired: or replaced. 
Replacement of equipment-may-be limited by 


patching ‘facilities, For example, telety pewriter- 


_¢quipmient is usually“ hard=wited~(permanently 
‘ wired) to the patch Panels, If either equipment’: 


fails, it must.be physically removed.and:replaced 
with similar equipment or a patch: -made .to 
substitute a different teletypewriter/crypto 
combination. It is necessary, therefore, that 
facility controllers know. their patching 
capabilities, : 

Evaluation of signal integrity is perhaps the 
most important step of the process. In fact,-this 


one step may-be all that is required:to isolate:the’ 


trouble. Evaluation, of. signal: integrity. should 
take place at the point the:signal either enter# or 
leaves the patch. pang]. Equipment or relays 


s 


should never be assumed to be defective without . 


« first checking the distortion of the input signal 


to. see if the amount of distortion is different 
from the output distortion, 


The equipment at the distant station must: 
also’. be eliminated as a_possible source of 
trouble. This can be done by~either a Jnental 
deduction. based’ on an-evaluation of the signal 
integrity, ‘or, by requesting a test from the 
distant station. “e : 
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Figure 9-25,--TSEC/HW-8, ; 
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~ Ali circuit tests@should be: conducted in 
cipher. In fact. the ransinitting station should 
nevet switeh to plain language unless directed 
hy the receive station. It is likely that the 
equipment would: remain .synchronized during 
short periods of outage, saving the time 
otherwise required to reestablish Cipher contact. 

__ Alter verifying. that the incoming signal is 
substandard, make a report to the circuit 
Supplier, This ‘report ‘will include the circuit 


= ‘identification and_ the, nature of the trouble, 


‘including your efforts-to-restore the circuit. “ 
One’ thing to reinember..dcen’t wait until. the 
circuit has completely deteriorated’ before 
notifying the supplier. If proniptly -notified,:the 
circuit supplier can usually save a considerable 
amount of lost circifit: time. Note: The circuit 
supplier must be notified..even when you test in 


ciplier, Tf the circuit is.“4IN,” but you have to’ 


Stay. in test ahd are unable to pass traffic, the 
~ supplier must. be notified accordingly. 


When-a substihdard:circuit lias been restored: 
‘for you. by the-Circuit: supplier. conduct a final 
, evaluation to -be sure that the circuit will meet 
call in-station requirements before attempting to 


_,fesume cipher contact. 


.) 


, <UTILIZATION-OF ‘. 
‘TEST EQUIPMENT 


A ' 


" Communications personnel, whether 
‘engaged in facilities scontrol;’ snaintenance, or 


° ‘traffic handling, must-have a means of. quickly , 


determining: the quality of the: éommunication 
circuits and equipment used. ‘In determining 
transmission quality, traffic personnel rely. .on 
hard copy monitoring which ig generally 


sufficient to recognize corruptions to formatted: : 
message leadinys and: texts. Facilities control, 
and maintenance must employ-a more exacting: 


method of measuring transmission quality and 
equipinent performance without depending on 
Inessage texts. , ; : 
-In,the:- past there has been a tendency toward 
more ‘rigid control equality of transmission in. 
the operating system. The trend. toward higher 
transmission speéds-and theintroduétion of new 
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modes‘of operation.in the system-have not only. . 


emphasized. the need for better quality control, : 


but have caused most of the equipment formerly 


Oo” 


XATIONS — b 


used for analysis of signuls to be obsolete or at 
Jeast inadequate. 4 

' The test set described in the foilowing 
paragraphs is the most-current equipment in use. 
There are other test‘sets in use for'signal analysis 
at various communication stations, but the 
principles provided, in this manual are basically 
* the same. ne a 2 


0 


DIGITAL DATA DISTORTION 


‘TEST SET AN/USM 329(V) 1&2 - 


The Digital Data Distortion Test Set 
AN/USM 329¢V)-consists. of a digital data signal 
gencrator and a digital data analyzing system 
composed of an analyzer and an oscilloscope. 
These units are mounted in either of two 


configurations, ina 19 inch cabinet mounted on- 


a. dolly and nomenclatured AN/USM 329(V,) | 
(figute 9-26) or-all thrée units rack mounted for 
fixed station use and nomenclature (AN/USM 


329(€V) 2. Each of the three units ‘is. 


self-contained and: independently operable, 
although the analyzer and oscilloscope are 
normally operated: together. For reference 
Purposes and an: indepth ‘discussion on the 


controls and-indicators, APPENDIX IV includes: - 
operating.-data-for-each-o f-the-functional-units': 


déscribed below. Hereinafter, ‘the’: Digital Data 
Distortion Test Set AN/USM 329(V) will be 


referred:to-as.the test set: 
Digital Data Signal: _ 
Generator SG-885(P)/USM. 


The: signal generator unit (figure 9-27) of the 
test set provides simulated teletype signals used 
oto test digital-data and teletype equipments. The 
‘generator provides a variety ‘of simulated. test 
. Signals with controlled amounts of distortion. 
Digital Data Signal. * 
Analyzer TS-2936(P)/USM 


. The analyzer unit (figure 9-28) of the test 
set is used “to determine the number and type of 
distortion of digital data and teletype signals. 
The analyzer is equipped with line matching 
circuits to minimize loading, and provides a 
“meter read ot capability of the percentage 
distortion of the received signal. er 
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Figure 9-26.—-Digital data distortion test set 
AN/USM iid (1). : 
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a The oscilloscope unit (figure 9-29) of the 
test set is used primarily ‘to display the received 
‘digital data waveform for analysis by. the 
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operator. The input signal for the oscilloscope is 
supplied by the analyzer, along with selectable 
triggers and an.intensity mcedulation signal. 


OPERATIONAL PRACTICES 


Procedures for circuit operation within 
NAVSECGRU FCO will conform to the 
procedures set forth in the current-DCA, DSSCS. 
Operating Instructions (DOJ-101) and 
COMSEC operating instructions. 
Unclassified Fixed Station Call Signs should be 
used by FCO in place of routing indicators. 
Ordet wire transmissions and communications to 
distant stations should consist of precise times. 
prosigns, Operating signal, (Q:& Z)-and generally 


_ accepted cominunications phraseology. Clear 
, text Janguage will be used. only when’ absolutely 
_ necessary to convey the particular information 


to be expressed. Order wire transmissions.are to ° 


~ be suffixed with.the-operator’s. personal sign. 


‘Greenwich Méan Time, (GMT-ZULU TIME) 


. is used throughout NAVSECGRU FCO and the 
.DCS; however, local time is used when 
coord inating with commercial companies. 


° 


MASTER FACILITIES 


: CONTROL LOG 


_ A record of events is maintained in the . 
MASTER Facilities Control Log as shown in 
figure 9-30, It should be -utilized for the. 
reporting , of any unusual circuit interruption or 
circumstance. This includes instances such ‘a 


personnel errors, short term: forecast, scheduled 


COMSEC changeover or any information 
concerning the circuit operation which Segue 


detailed explanation: ; 


‘The Circuit Paiforinanice Log (figure 9-31) 
provides for the detailed logging of outages on 


’ the individual circuit. One log or one set of Ygs, 


depending upon the number of circuits at. the 

station, will be. maintained for €ach radio log. 

The log provides for detailed” accounting of 

Circuit outages which might-occur throughout an 

entire radio day. While euch reporting hour is 

divided into 15 minute. segments, outages of less 
¢ 
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Figure 9-27.—-SG-885(P)/USM digital data signal generator. 
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, ca 31,137." 7 
Figure 9-28.—-TS-2936(P)/USM digital-data signal-analyzer, ’ * wy 6 
a ° e < ; . Z = « ; 5 5b. 
than 15” miitutes can be recorded by using usually double-checked for accuracy. by” 
symbols. prescribed in-COI 1.04. supervisory personnel, , : 


In addition to recording circuit Outages on 
. the Circuit Performance Log. the. facilities: 
controller is responsible for Submitting reports 
of “excessive Outage to- appropriate agencies. 
Basically, the outage report identifies the circu . 2 ; 
experiencing the difficulty. the reason for Posted within ‘the facility control spaces is a 
Outage (when known) and the expected time of status board. which reflects up-to-the minute - oo 
restoration (when known). Both the timeliness circuit information: As a minimum, the status 
of submission and the accuracy of the “board: shall Jist all full.and part-time circuits 
information and format are essential to the —_ activated. scheduled COMSEC changeover 
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CIRCUIT SFATUS ‘ 
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effe ctiveness of the reports. Prior to .. times, any équipmerit or line patches in effect, 
transmission, reports. of circuit outage ‘are: status of Spare, equipment and information 
; : . 177 : - 4 


"Facilities a an a oo = 3 
MASTER. “CONTROL LOG 6. DATE 


: . _ Figire 9-30:—Master facilities control log. : are 
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r ee 4. ‘ 4 
_ pertinent £0 extensive Sutus: The accuracy of DISTANT STATION/CONTROL . 
information ,on the -status board should be AGENCY COORDINATION . 
verified at least once per watch. However, the ~ . ’ 
communications center SOP may require more, Effective’ operation of any communication 
: frequent verification. ; ot system requires timely coordination with focal, 
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‘intermediate, and distant stations’ facility 
controllers. This coordination goes beyond the 
mere ability .to talk from one terminal ‘to 
another. The cooperation must be mutual—it 
must work both ways. It doesn’t take very long 
to realize that it can be difficult to communicate 
with anyone, distant station or local supplier, 
without.a little mutual cooperation. 

Nothing can be gained either, by losing tour 
temper ahd trying to blame all°of the troubles 
on the other end-of the circuit. You have to be 
sure that ““vour own house is clean” before 
‘blaming something or someone else for circuit 
difficultiés. It ust be remembered that the man 
on the other end.of the circuit iS trying just,as 
hard to get the circuit ‘back in operation. 
Contrary to a number of -people’s way of 
thinking, it is not degrading in any manner to 
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adinit or to discover that circuit troubles are 
in-house. Rather than losing face, respect and 
goodwill usually result from an honest exchange 
of inforntation whenever it is found. The 
important thing is to-maintain communications 
and to provide the highest quality of circuits for 
passing traffic. It is even possible that future 
outages can be reduced from hours to minutes 
when information relating to the cause and cure 
of previous outages.is freely exchanged. 


A final consideration is that of being — 


prepared and well informed of the job at hand. 
A competent facilities controller possesses the 


-expertise to rapidly correct all circuit and 


equipment deficiencies. in addition.to extending 


the necessary cooperation whenever possible. 


Ultimately, it pays large dividends in 
maintaining reliable circuit performance. 
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Many variations of end-terminal equipment 
are utilized throughout the NAVSECGRU 
communication installatidns. The trend at 
present tends to be ‘toward faster operating, 


digital data processing <auipment. DSSCS. 


subscribers will utilize existing input/output 
equipment with special interface devices or the 
AUTODIN Digital Subscribers Terminal 
-Equipment-(DSTE). : 

In this chapter we cover two topics: 
teletypéwriter, equipment and description of the 
various modes and terminal configurations. used 
‘by the DSSCS subscribers. 
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INTRODUCTION TO 


‘ y THE TELETY.PEWRITER 


-, CHAPTER 10 


a ne END TERMINAL EQUIPMENT ; | 
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The teletypewriter is little more than: an — 


electrically operated typewriter. The prefix 
“tele” means “at-a distance.” Coupled with the 
word “typewriter” it forms a word meaning 
“typewriting at a distance.” By operating a 


keyboard similar to that of a typewriter. signals . 


“are produced that print characters in: page form, 
-called hard copy. , 

The characters appear at both sending and 
recéiving Stations. In this way, one 
telety pewriter will-actuate as many machines as 
may be* connectéd together. An operator 
‘transmitting -from New York to Boston will-have 
his message repeated in Boston, letter by letter, 
virtually as soon as it is formed in New York. 
The same will apply at all réceiving stations that 
" tie into the network. 

Most, of the teletypewriter sets used by the 
Navy belong to the Model 28 family of 
teletypewriter equipments. The Model 28 
equipments feature light weight, small size, 
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. quietness, and hign speed Operation. They 


and are suited particularly for shipboard/ use 
under severe conditions of roll, vibration and 


present relatively few maintenance ca 


shock. 

Another feature of the Model 28 
teletypewriter is its ability to Operate at speeds 
of 65 and 106 words per minute. Conversion 


changing ‘the driving. gears that are located 
within the equipment. Most of the Navy's 
teletypewriters are presently Operated at 100 
words per minute. 


AUTOMATIC SEND-RECEIVE (ASR) 
TELETYPEWRITER SET AN/UGC-49 - 


€ 


from-one speed to another is accomplished by . 


‘One of the more commonly used ° 


teletypewriters is the model AN/UGC-49" 


teletypewriter, shown in figure 10-1. It is an 
electromechanical apparatus for sending and 
receiving both printed and tape perforated 
messages and receives messages electrically from 
the signal line and prints them On page size copy 
paper. In addition, it can receive Inessages and 


record them on tape in both perforated and- 


printed form. With page-printed monitoring, the 
teletypewriter electrically transmits ‘messages 
‘that are originated either by perforated tape or 
keyboard operation. It mechanically prepares 
perforated and printed tape for separate 
transmission with or without. simultaneous 
electrical transmission and page-printed 
nonitoring. , . 
The keyboard, typing perforator, typing 
unit, and transmitter distributor are operated by 
the motor mounted on the keyboard. Selection 


. of these components for either individual or 


simultaneous operation is by-the selector switch 


I e v 
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located at the front of-the cabinet, to the left of | - Keyboard-Unit 

the keyboard. All these components are .* 
connected in series in the signal line, but the The keyboard. unit (fig. 10-2) provides a 
selector switch has provisions for shunting foundation for the a,c. motor, typing unit. and 
_ various coraponents from the line. The typing typing perforator This component incorporates 


reperforator is operated by a separate motor and the necessary electrical and mechanical elements 
power distribution system. It is connected to-a for message “transmission and for controlling the 
separate external signal line. : mechanical printing and perforating of the tape. 
DESCRIPTION: OF . It also supports the tape container, a charac.er 
Boar nas counter used: in connection with the typing 
_ MAJOR COMPONENTS perforator, intermediate gears for operating the 


The major components of the AN/UGC-49 signal generator and typing unit. flexible 
teletypewriter are described in greater detail in | connections for operating the typing perforator 
the following paragraphs and illustrations. and transmitter distributor, and a-thiee-pusition 
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selector switch for choosing the mode of | 


operation of.the equipment. 0 e 

.The keyboard mounts in the cabinet on rails 
‘of a shock-mounted cradle. The front. of the 
keyboard protrudes from the cabinet and is 
fitted with a rubber seal fora silencing effect. 
Mechanical power for activating t 1e-keyboard-is 
derived from the a.c. motor. through 
intermediate drive gears and::the typing unit or 
the typing perforator, depending on:the selected 
mode of the three-position switch. , 

The ‘Model 28 printer-séries is equipped: with: 


cither,of two types of ‘keyboards: | 


communication or weather. The communication 
keyboard contains letters and’ punctuation 
marks common to the-standard: typewriter. and 
the weather keyboard provides necessary 
symbols for transmission “of weather data. 
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are illustrated in figure 10-3. @bserve that the’ 


“- lowercase. characters are the same, ‘and: that 


: letters of the ‘alphabet appear in the same 
positions. The difference lies-in-the uppercase of. 


_ .the bottom two rows. A trained Operator can 


‘usé either the communication or weather: 
. keyboard without loss of speed or efficiency. 
. Figure 10-4 is an illustration. of the 


ie ‘Similarities and differences in the two keyboards 


communication keyboard with emphasis -placed. . 


on the function keys. The action performed by 
thé function keys.is described as follows: 


a. SPACE BAR-The space bar, located at 
the fronteof the keyboard, is used to.send,spaces 
(as between words). / 3 . 

b. CAR RET (carriage return)—the Carriage, 


retum key is used:to-return both the type box, .** 
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Figure 10-3.—Two types of teletypewriter keyboards, | 
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carriage and the eanGgnex eating ie the left to 
start.a new line of typing. 


- ¢, EINE FEED—When- depressed; this key. 

causes. the paper to feed upward one or two 

spaces depending upon..the position of ’ the 

-single:double line feed lever located on: the 
typing unit, © © ‘ 

‘a. FIGS. (figures)-The figures key is 

, Presséd to condition the machine for printing: 

_, figures, punctuation marks or other ee 

fies. 


Le LTRS (letters)—The ‘letters key is used 
i condition the -machine.for printing the letters _ 
lower. case, h characters. 

f. BLANK (unlabeled. ‘key. in bottom 
row)—Depressing the blank key twice- (effective 
in either uppercase or. lowercase) locks all 
keyboards. in -the ‘circuit and -renders them 
inoperative by setting -up the receive condition. 
Restoration..to the, send condition is 
accomplished, under individual circunistances, 
through, operation of the SEND key by the 
_ : operator desiring to send. trom. his keyboard. 
Pe ace SEND. and REC Hass, when ice a will be 
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located -in spaces available in hex center of the 
function key row. 
g. REPT (repeat)—To repeat a character. 


depress the character key and the REPT key. 


“The character will be repeated automatically at 
line speed. as Idng as both keys are ‘held down. 


The ie keys. described next perform their 
functions only on the machine on which the 


key is operated (referred-to as “local inachine’ 7 


withdut affecting any other machine.on the line. 


h. LOC LF (local line feed)—To- feed the 
paper up in the local. machine, depress the LOC 
LF key, which ‘feeds the paper up automatically 
and rapidly as long as it is held down. This key is 
for use in locally feeding up paper to tear off a 
message not fed Up, far enough by the 
transmitting. station. It also is used when 
sah a new supply of paper in the machine. 

LOC ER (Jacal carriage return)—To 
return the type’ box:to the left margin on the 
‘local machine, .. depress the LOC CR key. This 
key ‘is for use in omission of carriage return at 
the end of a transmission’ from another station. 
»- j. BACK SPACE-—A back space mechanism 
is ‘available through the use of a modification 


2 kit. allowing the-operator to back space while, 


preparing a tape on the typing reperforator and 
letter-out any errois- 


“typing: Unit 7 


The’ typing unit used in the AN/UGC-49. 


télety pewritér is pictured in figure 10-5. The 
typing unit incorporates the necessary electrical 
and mechanical, elements to translate the 
signaling code combinations into. mechanical 


_ actions gthat print the’ “messages and perform 


functions incidental thereto. 
Paper (single or multi-copy) feeds from 2 
five-inch (maximum) diameter roll: mounted at 


‘ the rear of the typing unit. The paper feeds 


_ around a platen which rotates but which does 
not move horizontally. 


Type pallets are arranged. in.a small type box 


(fig. 10-6), which is detached easily for cleaning 
or replacement. In operation, the type box 
moves across the paper and presents the proper 
type pallets to the printing hammer. which 
_ drives the pallets and inked, ribbon against the 


170. 


2 


8 
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‘ . Wr % 7 
Paper ‘to print the characters: Combined 
automutic carriage retum and line feed features . 
operate ‘to retum- the--carriage if overprinting 
occurs.at the end of a-line. 


As each chardcter is printed, the inked 
ribbon feeds from’ one spool to the other 
reversing.automatically when the ribbon reversé 
. lever is tripped by the small rivet at each end of . 

the ribbon. The ribbon mechanism is shown in 
‘figure 10-7, = * 

4s 

* Printing is produced by the type box, which 
contains the characters and symbols shown on 
the key tops. Operation of keys and. space bar 
moves the type box across the platen from left 
to right. On each key stroke the type box is 
moved. into position for the printing hammer-to 
strike the proper type pallet, printing the 
character on’ the paper. Operation of the CAR 
RET key retums the type box to the left 
margin. ind operation of the LINE FEED key: 
moyes the paper up to the next line. 
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Figure 10-4.--AN/UGC-49.keyboard, ° - 


front. corner of. the keyboard, ‘is powered 
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Typing Reperforator 


“Tape preparation, by Operation of* the 
keyboard, is accomplished by the typing 
reperforator (figure ~1 0-8). This reperforatoris: 
controlled by mechanical linkages on the: 
keyboard. The reperforator is a transmissible, 
five-level, chadless, perforated tapé with printed . 
chayacters corresponding to the perforated code. ° 


€ 


' The typing perfomtor, mounted.on the left 


through flexible connections and a jack shaft -by- 
the a.c. motor mounted: on the keyboard. Its 
tape is supplied-from-a container mounted at the 
left rear. comer of the. keyboard. 


¥ 


With thé keyboard selector switch ini the K 
(keyboard): -position,. the typing .perforator is 
inoperative. (See fig. 10-9.) In’ K-T 
(key boardtape) position, the selector switch 
conhects .the selector magnet on. the keyboard 
“typing reperforator itito the signal line circuit of 
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“a - PRINTING. 
HAMMERS 


__ PLATEN ' 
. ) HAND'WHEEL 


the: keyboard: signal ganetor, at the cabinet 
terminal board, to permit preparation of 
perforated and typed: tape simultaneously with 
»  signal.line: teansmission. In T (tape) position. the 
selector switch mechanically engages linkages 


between the keybyard and the keyboard typing 
“reperforator resulting in. manual typing 
. reperforator Operation independent of the signal 
. line. i‘ % ., 
ue Auxiliary Typing Reperforator 4 
a _! » in appeuranc®, design and opefation | with 
te ; : f . ; * 
. is 4 
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7 Figure 10-5.—Typing unit (front view). 
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_ auxiliary base and is powered by an a.c. motor 
_ and a separate keyer located in the electrical 
. service-assembly;- -s - - - 8 eet 


The auxiliary typing reperforator is similar cabinet is at the top left, above and behind the 
x & 
186° 


reperforator already. described above. Because 
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‘CONNECTS WITH ROWER tis 
DISTRIBUTION PANEL 


SELECTOR 
MAGNET. 


KNOB 


identical sub-assemblies to. the typing 


the°reperforator is not controlled by keyboard 
but receives messages from an incoming signal 
line instead, it has ‘a selector unit, The auxiliary 
typing Yeperforator is mounted on a special 
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‘The ‘location of the reperforator in the 
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which provides a suitable length of “letters” at 
the end of each message (by operation of the 
Tape Feed-Out Switch on te dome of the 
cabinet), aitd atape threading-handwheel. ° 

Both reperforators are provided with a ‘chad 
chute which discharges the chad- from the 
perforated tape by. way of chad- chute extensions 
into a common chad container located under the 
dome compartment of the cabinet. It -is 
important that the-container is emptied 
frequently to prevent chad-from backing up-and 


_jamming the perforating mechanism. 


‘ oy 2 <. & 
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Transmitter Distributor 


The: oe ‘(fig.” 10-10) is 
mounted-on its own base in-front of the cabinet 


- 


"RIBBON 


REVERSE ccupee REVERSE "RIBBON . 
LEVER. - & GUIDES. LATCH ; “LEVER =/ ROLLER 
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> — Figure: 10-7.=Ribbon inserted. o ? 
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Additional features of the reperforator that 
are not common to the perforator aré the signal 
bell and switch; low tape alarm and switch, the 
mechanical variable speed drive mechanism, a 


‘noninterfering letters tape feed-out mechanism 


“es 


on the left ‘side. It is a snechanieat tape reader 
used to convert messages on standard. five-level 
chadless or fully perforated tapes to signaling 
code combinations for transmission on a 
eres channel. ° . * 
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_ The unit includés a, start-Stop: switch in. 
which: are incorporated -tight-tape, shut-off, and 


free-wheeling tape feed features. A second 


' switch shuts off the transmitter distributor 


automatically when :tapé runs out. Electrical 
requirements. are supplied by way of the 


‘ terminal blocks in ‘the cabinet through a 
connector on-the transmitter distributor-base: -. . 
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OPERATING THE,AN/UGC-49 
. Power to the AN/UGC-49 is applied by a 


switch-located on. the front of the cabinet, 


slightly below and tothe right of the keyboard. 
Tuming the-switch to-its upper position, “ON.” 


fully conditions the *teletypewriten for on-line 
‘service in one of the three modes of »peration 


determined by the sélector switch at the left of 
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Figure 10-8.—Typing reperforator (front view). ‘ 
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the keyboard. 'If the auxiliary typing 
reperforator is not required, the auxiliary power 
switch can.be turned to the “OFF” position. * 


Ny 7 v 0 
~~ 4 9g 
‘Keyboard Mode of 
Operation’ 
@ , 
To transmit a message directly to the line. as 


it' is. typed. rotate the selector switch to the K 
positicn. The usual. procedure in transmitting jis 
to depress the SEND key to unlock the local 
keyboard. Transmit five spaces, two carriage 
returns and a line feed (in that order) to align 
the sending machine, and start typing the 
message. The typing unit monitors the 
transmission, providing a printed copy of the 
message. 
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Figure 10-9.—Selector-switch. 
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In the keyboufd’ mode of operation, the 
_-typing perforator is mechanically isolated from 
the keyboard’. and the character counter 
mechanism docs not fitnction. The transmitter 
distributor circuits also are inoperable. 


Keyboard-Tape Mode a? 
of Operation 


2 


Keyboard operation in the keyboard-tape 
’ (K-T) mode ‘is the same as when in the keyboard 
mode. earcept that typed. perforated tape is” 
simultaneously prepared through: electrical 
connection of the key:bdard typing reperforator 
selector coils to the keyboard signal. generatc.. 
The character counter is not operative in the 
(K-T) mode. but the operator can use the_ 
monitored page printed copy as a position 
“indicator under, those circumstances. The 
transmitter distributor can be operated. 


Tape Mode of Operation 


“When the-sélector Switch is in the T position, 
the keyboard and perforator are isolated from 
the other unjts. This mode of operation-permits 
_ the opérator to prepare ‘tape for transmission 
while transmitting messages Via the transmitter 


{ 
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. : Meetulon Or recciving messages on the printer. 


The printed character occurs six. units after the 
point at which the fivelevel code for the 
character is punched into the tape by the 
perforator. Since tape preparation is by direct 
mechanical linkage..typing may be at speeds. up 
to 106 WPM: but a uniform rhythm is required 


, to ‘minimize operator induced error. No page 


copy is typed in this position. so the character 
counter automatically illuminates the end-of-line 
indicator lamp-to-avoid too many characters for 
the length.of the line. As pointed out previously. 
the counter registers each spacing character. 
Nor-printing functions, such as FIGS, LTRS, 
LF, and CAR RET, are not registered. 


Using the Transmitter 
Distributor - 


The, transmitter distributor ‘(commonly » 
called the TD) is operable only inthe K-T and T 
‘modes of operation, and’ then‘only when the 


‘ SEND key is depressed. In the following 


discussion of the TD, assume that the selector 


. Switch is in either the K-T or T position and that 


the SEND KEY IS DEPRESSED. - te 

To place a. tape it the TD, move the 
start-stop lever to the center (OFF) position. 
Release the tape lid by pressing the tape lid 
release button. Place the tape in the tape guide 


' in such a manner that. its feed holes engage‘ the-— - - 


feed wheel with the portion of the tape having: 
two perforations toward ,the rear of the TD. ,. 
Insert printed tape:so that the printed. chad side 
is up. If nontyped chadless tape-is used, position 
thé tape so that the open side of the hinged 
chads is to the top. With fully perforated (chad) 
nontyped tape, you must be careful to-feed the 
tape. from the beginning. Reversing the tape 
results in a garbled transmission. While holding 
the tape firmly: in place on.the feed wheel,’press 
down on the tape retaining lid until.its latch is 


- caught. Move the start-stop lever to the left 


(FREEWHEELING) position and manually 
adjust the tape so that the first character to be 
transmitted is located over the sensing pins. 


’ Figure 10-1 1-shows the path of the tape through 
theTD = 24 


Another feature of the TD is the 
end-of-tape switch. The switch is-controlled by a ° 
pin.protruding through the tape guide plate. As 
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“Figure 19-10.—Transmitter distributor (cover plate, top plate and tape guide plate removed). 
long as this. is depressed by tape feeding through .,. nomenglature ‘assigned the units when they are 
. the guide, the TD Is operable. When -the-end of employed separately usually is. changed. 
 the-tape*passes over the pin, the pin-rises und-the®. ° 
TD stops transmission automatically. If the tape KEYBOARD SEND- RECEIVE (KSR) 
is torn on-the bottom edge, the tape out pin also, TELETYPEWRITER SET _ ‘ 
raises and’ stops the transmission. For this reason =~ . 
7 oe should:be handled carefully. : s “The KSR teletypewriter Be wil] receive 
messages eléctrically from the telegraph channel 
: and print them on pilge- size copy paper. It will 
ADDITIONAL MODEL | —— electrically transmit on -the channel njessages 
. 28 UNITS : * which ste originated by keyboard, operation and 
. _ monitor the message on, page- sive copy paper. 
The design and function of the individual The KSR niay be-contained in a cabinet for rack 
_units in the Model 28 line of teletypewriters mounting as illustrated in figure 10- 12 and is, 
remain basically the samee but the AN. — nomenclatured AN/UG C51. 
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When the KSR is contained in a floor type ,- , 


eo gg ee ‘ * console (figure 10-13), it is designated TT © . 
: CS sO ~  471/UG. A dolly is-supplied in which the KSR 
TAPELID console can be Paced. for mobility where 


needed. Instead of a dolly, a suib-base may be -, 
. added to the console which will increase the 
height: of -the cabinet for more convenient 


CERES « : 
SONA “WV ; “stand.up o eration.” 
° ww ae TAPE LID .. Pep ° 


RELEASE ~ 


_ A CUE NAA | gutron _RECEIVE-ONLY: (Rot. . 
~ NEN, 0 / TELETYPEWRITER SET AN/UGC-50 
- @ x - The AN/UGC-50 (figure 10-14) is housed in 
ee eater oe 1.210 a cabinet for rack mounting. It is similar to the 
eae ~Path of tape in transmitter . KSR teletypewriter set, except. that parts ° 


distributor. .% : required for -transmitting messages are not 


/ z 
. 31 319139 . : 
_ Figure 10-12. —Key board sénd-receive (KSR) eats : Ts _ 1,217.48 
ane? teletypewriter set AN/UGC- 51, . . Fire 10-13 .—Rietypewritor TT. 471/UG. 
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Figure 10-14.=Receive:only:(RO) 
> set AN/UGC.50. 
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provided, Typewritten page inessages, therefore, 


can only ‘be received. Jn contrast to the nuniber 


of functions. that can be performed ‘by. a-sending 
and receiving teletypewyiter, only two off fine 
functions can be perfor ed by the AN/UGC-50. 
These non-typing fu ctions (Carriage Retum 
and..Line Feed) are « ovided so that they can be 
operated locally when required. 
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* The rae 59 Telety pewriter Set ds an 


* éxample Vi ‘the type of equipment used in 
oemiauro matic tape rejay centers. Thé 
N/ FGC-59 consists of {three groups: the TT308 


Receiving Group, the FT309 Monitor Group.. 


and the TY3!0 Transmitter Group. 

In figure 10-15 ate receiving banks or 
* console packages, which house several typing 
reperforatots for use On incoming lines in 


# . 
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Figure 10°15, ~17308 of AN/FGC- 59; typing 
- reperforator receiving group. 


torn-tape relay centers. The operator logs-each 
incOming message, tears it off at the end of the 
message, and determines the proper outvoing 
circuit from the routing indicators ou Uhe tape. 
He then hand-carries gach tape. to The 
appropriate sending bank of automatic 
transmitter distributors (figure 10-16) and 
idserts At in the “appropriate circuit tape grid 
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(visible at tops of sénding banks). The tape 
: . grid—sometimes: called a. washboard because of a- 
a ; ; . certain similarity of appearance-is simply, a 
- - ; ' place where tapes.can remain-during the périod 
- , they are awaiting retransmission. They are 
2 stowed from top down in order of precedence. ” 
‘ Other operators in attendance at the sending 
bank ‘remove waiting tapes from the -grid in 
order of precedence and insert them in the TDs. 
A numbering TD applies a sequential channel~ 
number to.each message, thus keeping a ‘record 
Of traffic relayed-overeach channel. / 


If duplicate copies of relayed “traffic are! 
Tequired for the files, monitoring equipmerit 
(figure 10-17)-is used. This is a group of typing 
reperforators that produce duplicates of tapes 
undergoing transmission onthe sending/ bank, 
and’ wind the monitor tapes 6n reels suitable for 
stowage. The monitoring equipmient also 
duplicates the channel number for each message, 
providing a means of reference if,the message 
should be needed. ini the:future. 
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AUTODIN/DSSCS 


INTEGRATION 


_ As explained in. Chdpter 5, AUTODIN is a 
operational on-going ter. Before presenting 
the DSS LS terminal configurations and the 

various modes utilived by DSSCS subscribers, 
more discussion 6n how AUTODIN works will 
give you a’clearer. picture of-the 
AUTODIN/DSSCS integration. 


As a digital communications telegraphic 
store-and-forward network, AUTODIN consists 
essentially of switching centers interconnected 
by trunk lines with local lines radiating from 
joe center to subscriber terminals in the area 
se} ed by each center. Messages originating at 
any of the subscriber terminals are forwarded 
through one Of more switching centers to their 
addressed. subscriler destination. The message 
switching center’s function is to accept messages 
from ‘any -Of the subscribers, determine ‘their _ 
Classification ‘and precedence, and relay the 
messages to the ‘addressed subscribers. Figure 
10-18 shows the’ switching center and its related 
© terminals, \ ; 


: . 1.36 
Figure 10-16.—TT310 of AN/FGC-59; transmitter 
: : group. - —— 


(¢) * r 7 F 


_ MODIFICATIONS — ee : 
p /9. i ou as of this publication has (have) been deleted in s 


adapting this material for inclusion in the "Trial Implementation of a 
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_ and*Technical Education." Deleted material involves extensive.use of 
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military forms, procedures, systems,.etc.. and was not considered appropriate 


for use in vocational and technical education. 
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CHAPTER 16 _ a 


As-a communicator you are not expected to 
do the type of maintenance performed by an 
Electronics Technicians You must, however, be 
able to record inventory data, complete work 
logs and reports, and assist in obtaining part and 


stock numbers from applicable technical | 
publications. Moreover, you are required to | 
‘ perform routine maintenance on telety pewriters 


and typewriters. ° 
Basically there are two types of 


Maintenance. (1) Preventive Maintenance 


includes regularly scheduled actions taken to 
reduce or eliminate failures and-to prolong the 
(2) Corrective 
Maintenance includes the repair of failures 
which have occurred because of aging 
components, through accident or other c.uses. 

Maintenance is further divided ‘into levels. 
The department of defense, including the Navy 
specifies three separate. levels of-maintenance, 

a; Organizational level.—Organizationai 
level maintenance is .performed by the using 
activity. In some cases (i.¢., small craft) the 
organizational ievel maintenance is performed 
through outside assistance and yet retains the 
organizational level category. 

b. Intermediate level.—Intermediate . level 
maintenance is that maintenance which is 
performed by tenders and shore repair facilities. 
A user may also be designated to perform jts 
own intermediate level maintenance. An 
example of this would: be a tender using its own 
repair department to effect ship repairs. 

c. Depot level_—Depot level maintenance is 
performed by Naval Ship Yards or civilian repair 
activities. 
Intermediate and Depot level maintenance is 


jthat at Depot.level’ you are referring to facilities 
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MAINTENANCE AND SAFETY 


The specific difference between - 
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who havé the capability to undertake major - 
overhaul. work beyond the ability of a. tender or 
repair facility, . , 


Although the line is not always clearly 
drawn: between-the three levels of maintenance, 
and there may be certain exceptions, it is 
intended that organizational level. maintenance 
be performed by. personnel assigned to the ° 
organization and other maintenance work be 
accomplished by employing the services of 
specialists, . 

Your hand in roaintenance will be limited to 
operational use, manipulation, and operational _ 
maintenance of electronic equipment associated 


with the technical specialties of your rate. These 


portions of preventive maintenance will be of a 
nature as not to require equipment alignment 
after maintenance has been compli 

- All. ofher .maintenance. will be Handled-by. 
the specialists having the adequate facilities to 
undertake the specific job. 


PREVENTIVE MAINTENANCE 


Preventive maintenance is.defined as the care 
and servicing. ‘by personnel.for the purpose of. 
maintaining equipment and facilities in 
satisfactory operating.condition by providing for 
systematic inspection, detection, and correction 
of failures, either before they occur or before 
they develop into major defects. This form of 


-maintenance consists principally of cleaning, 


lubricating, and periodic testing aimed at 
discovering conditions which, if not corrected, 


_May lead to malfunctions, 


To realize optimum results from the regular 
functional tests, a careful record of the. 


* * . ? 
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performance data on each equipment must be — 


kept. Coniparison of data taken on a particular 
equipment at different timés may reveal slow, 
progressive drafts that may be too small to show 
up Significantly in any one test. While the 
wéek-to-week changes may be slight, they 
should be followed carefully so that necessary 
replacements or repairs may be effected before 
the margin, of performance limits is reached. 
Any marked: variations should be regarded as 
abnormal and should be investigated 
immediately. 

Such an approach to. niewentive maintenance 
leads to maximum operatiorial readiness of the 


_equipment aboard your ship. Your:contribution 


to the preventive maintenance: program will be 


made through: the 3-M. ‘System. 
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THE 3-M SYSTEM 


& 
The growing complexity of electronic 
equipment, increaséd tempo of fleet operations 
and the constant decline of available resources 


made it impossible for previous PM <vstems to . 


control zad accomplish required maintenance. 
The Maintenance, Material and Management 
(3-M) system was implemented i in-the Navy inan 
attempt to solve these problems and to provide a 
more adequate system of collecting information 
required to support equipment improvement 
projects. The 3-M -system was “designed: to 


. function as an integrated system which would 


improve the management of maintenance and 
provide for the collection and dissemination of 
maintenance relat d information. It is 


emphasized that 3-M is-not a passive system and . 


will not operate by ifself. The key to-success is 
active and aggressive ‘supecvision at all Jevels in 
order to achieve’ a high degree. of cornbat 
operational readiness. 

The 3-M system is composed of two 
subsystems, the PMS (Planned Mainten ince 
Subsy$tem) and the MDCS (Maiiitenance Data 
Collection Sub-system); and will contrioute” 
significantly toward achieving improved 
readiness with reduced expenditure of resources. 

The Planned! Maintenance Sub-system (PMS) 
pertains to the planning, scheduling and 
management of resources (men, ‘material and 


‘time) to perform those actions which. costribute 


to me uninterrupted functioning of equipment 
- ! a 
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within its design characteristics. *t defines 
uniform maintenance standards and prescribes 
simplified procedures and management 
techniques for the accomplishment .of 
maintenance. The Maintenance Requirement 
Card (MRC) schedules, describes aind lists tools, 
materials and test equipment necessary to 
perform the minimum maintenance required. on 
a specific piece of equipment. The Maintenance 


Data Collection Sub-system, (MDCS) provides a 
means for recording the expenditures of 


resources (men, material. and time) associated 
with certain categories of maintenance action. 
MDCS success is dependent on the accuracy, 
adequacy and timeliness of the information 
reported into the.system by the operator. In 
addition, the system provides data concerning 
the initial discovery of a malfunction, how the 
equipment malfunctioned, how ‘many man-hours 


were expended; which equipment was involved, . - 


what repair parts and material were used, what 
delays were incurred, the technical specialty or 
work center that perforined the maintenance. 
MDCS. reporting on OPNAV Form 4790/2K 
incorporates the use of coded data elements, for 


data standardization and. facilitating automatic 


data processing. These -evodes and. other 
amplifying information are-contained in ti:e 3-M 
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- ELECTRONIC EQUIPMENT 
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All electronic equipment should be-cleaned, 
not just for appearance, but to assure gooa 
performance. Before. starting any kind of 
cleaning be sure to secure power to equipment 
and discharge all capacitors. to ground. The 
safest and best method of clearting inside 


‘transmitters and receivers is to use a vacuum 


cleaner with a nonmetallic hose. A small 
typewriter brush is handy for ‘getting dust-out of 
congested areas where tle vacuum cleaner will 
not reach. A hand bellows can be used for 


“ blowing out dust particles, but is not as 


satisfactory as the vacuum cleaner because of 
the likelihood of blowing-dust into inaccessible 
spaces where it is harder to remove. 

During routine transmitter cleaning periods, 
the contacts of rotating inductors should he 
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checked, as well as the surface of these parts. . 
‘Poor operation of contacts is disclosed 

~ ‘sometimes ‘by erratic “jumping” of the plate — 
current ‘meters as the circuit is tuned through ~ 

* resonance. Both the contacts and the sufface of 
the inductots must be -clean and smooth. A tiny ° 


amount of petroleum grease may be appli*d if 

necessary to prevent scoring: ths, copper surface. 

Steel wool or emery in any form must not 

a i ipment. Sandpa per and. 

files may be used. only on competént guidance, 
or not at all. 


at 


_ MAINTAINING AIR FIETERS ° : 


> 
£ 


The cleaning of air filters is exceedingly 
. important for the proper operation of electronic 
equipment. For some reason (perhaps their 
» “importance is not fully recognized), filters often, 
are neglected or ,disregarded until excessive” 
heating causes a breakdown of the equipment. 
Forced air cooling is, used in most id 
transmitters and receivers. This type of cooling. 
System moves.a lafge yolume of air over the hot « 
portions of the equipment. The-air is filtered to 
keep dust and other’foreign particles out: of the 
] equipment. Tf the filters are efficient, *they 
renjove ‘most: of this foreign. material from the 
air that passes through them.. Dust and dirt tend 
to clog the filter and prevent the. air from 
- moving “through. The result“is that the 
equipment. becomes overheated ang may be 
, Tuineg?. . 
° An arialysis of the failures. of parts in 
electronic equipment indicates that. the majority 
> of failures.can. be traced to'excessive heat cause® 
by dirty air filters. Obviously, then’ athe 
maintenance man can reduce his workldad 
substantialiy by erisuring that air filters are 
serviced properly. oe 
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“ Use as the equibmient technical manual is 
required’ for prijper: preventive: maintenance on 
teletypewriters. ‘The scope of. ‘the.-information 
contained in the techhical: manual i is ‘indicated i in 
ensuing topics. 
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’ Mibrations sometimes. loosen these connections 


~ > 


Preventive sainteranes is applied for the 
Purpose of detecting ‘and correcting troubles 
before they develop -to the point of interference : 
with satisfactory operation of the teletypewriter 
equipment, Proper Jubricatign—but not 
overlubrication—is an iinportant preventive 
maintenance measure. When: work.on equipment 
is necessary, use care to avoid gnuodneine: 
trouble. ¢ 

A thorough visual inspection of saudpment 
during periodic ‘checks. may uncover conditions , 
that could possibly cause trouble later. 
Appearance of ‘oxidized (red)- metal dust : 
adjacent.to any bearing surface indicates 
insufficient lubrication. Adjustable clearances of 
working parts should:be.qbsérved.also. 

A visual examination should: be. atcompanied 
by a, manual test. Cormections at terminal 
boards should be checked for -tightness.” 


" just- enough to give intermittent troubles. that are 
difficult to locate. Nuts«and. screws ‘that lock 
adjust able features.should be observed carefully -, “ 
for looseness, and should be tightened if ~ 
necessary. While cleaning the units, care should 

be exerciséd to avoid .damage or ‘distortion. to 
delicate springs that. might weaken their tension, 
Electrical contact points should be kept free:and. 
“clear of dirt; oil, corrosion, or pitting. Check . 
that operating: clearance is maintaiied when a 
contact is cleaned. { . * 


Ly « 


LUBRICATION : ; : . 

‘More than 60 pictures and diagrams in the = 
equipment technical” manual illustrate 
lubrication points .of thé teletypewriter. In 
addition. to points to be lubricated, technical 
. Manual pictures show the type.and quantity of 
lubrication to-use. A new teletypewriter should 
be lubsicated before it is placed in service for'the 


first time. After agfew weeks ‘in service, 
relubricate to make. éeftain. that all points are 
lubricated: adequately, . ; , & 
Lubrication Schedule a : | : 


A teletypewriter must be lubricated more 
frequently “as-operating speed increases. Thus, a . 
machine geared for operating-speed of 100 wpm 


requires lubrication more often than one 
? 
x 


operating at 60 wpm. Here is the recommended 
lubrication.schedule: + , 


ss Oe 


Lubricating interval 


Operating.speed 
(words per minute) 
3000 hours or I year 
2400 haurs or 9 ‘months 
¢ 1500 hours or-6 months 


° 


Regarding ihe (ub rieacion interval, an 
dinportant * point | to remember are the words 
“whichever occurs first.”’ To illustrate:a machine 
in continuous ‘use at 100. wpm will ‘accumulate 
1500 operating hours in: only 2 months. For 
“machines uséet occasionally -or intermittently, 
some kind of.-log is needed’ to Keep track of fotal 

: Operating: hours. 


a 
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OPERATOR’S EMERGENCY 
MAINTENANCE 


t 
: | 
° \ ‘ a 

‘Even though some teletype-operators may 
_ ‘have réceived:ne maintenance training, they can 

‘be authorized to perform emergency - 
maintenance to-the extent et replacing fuses and 
lamps... « ; oe 


Keytoard 
“motor | 


Maintenance _ 
lamps * 


"Fuses eee 


. 4 20 


(whichever-occurs first) - 


a 


’ 


4 
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Power Circuits of the ity seine: ure 
. protected by .two cartridge-type. fuses. The main - 
fuse for the basic eq pment: is‘on ‘the right end 
of the power distibition panel under the 


- cabinet dome. beltind the keyboard, A. separate 


fuse for. power circuits of the typing 
reperforator is located on the terminal board 
_bracket to the left of the .printing unit on the 
typing. reperforator base. Fuse location and 


Symptoms of failure are summarized in ‘the. 


accompanying tables. \ 


- 


Lamp Replacement a 


Four bayonet- -type Laine for the- 
teletypewriter -are located beneath the cabinet 
dome. Maintenance and‘copy: illumination lamps 
are 6-volt lamps in a- circuit” supplied bye a 
transformer at the rear of the ‘cabinet, These 


o 


lamps are installed on either side of : the right . 


front dome doof and above the typing 
perforator (three lamps) and: the margin 
‘indicator or erid-of-line lamp (one: lamp).at the 
extreme right of the. dome. All, lamps: are 
"accessible when the dome is.raised. The 
‘accompanying: lamp replacement data table gives- 
the Iccation and. electrical characteristics of. 
lamps. 


Symptoins of Fuse Failure 


Comment& 


. 


In power 
distributions 
~ panel. 


On typing - 
réperforator base. 


WARNING: Never replacé a fuse with one of higher rating, except i in emergency or battle condi- 
‘ tion. when continued operation of equipment is igre important than possible damage. - 


‘ — 


If a fuse-burns out immediately after replacement, do not sepibes a second nee until the cause is 


‘corrected, . 4 


2 Reference designation oie 
symbol. | Location 


7 ‘In power 
distribution. ~ 4 


On typing . 
reperforator base . 


: “ | ‘ 
Main a-c | _-6:25 + ]- 28 
supply —~ | c 


| hepetoratce : 


* a-csupply. 


ia Replacement:Data 


‘Reference — me 
designation. Function Location 
symbol Ce ; 


Maintenance Left-of 
ana copy 
‘| . illumination 


. 14250 


cabinet © 


Right of 
right front 
cabinet 
dome door. 


_Left front 

doorof * 

-cabinet. 
dome’. 


Right front 

« end of 
cabinet 
‘dome. 


“TYPEWRITER PREVENTIVE 
MAINTENANCE 


*Your typewriter may be heavy and eit ° 
looking, but. it is really a delicate instrument. 
Treat it like one and give it daily care. A 
machine in first .class condition is easier and 


. ‘ quicker to operate and tums out better-iooking 


& 


work, g 


" -Observe the following routine procedures: 


tight front “ 


Bayonet, 
double - 
-'= contact 


dome door. ’ 


a. Be sure your typewriter is properly 
placed. on the desk, or secured to the well type . 
of desk, so that it will not fall. 

b. In lifting a typewriter, grip it by its case, 
NEVER by its carriage, ~ 

Keep your typewriter covered when not.in 


"use. Always cover it or close it into the desk at 


the-end of the day: 
c. Keep it clean by wiping the outside: with’ 
@ soft ‘dry cloth and oan the inside with a 


long-Handled brush. 


a 


- 


g 
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d. Clean the type daily with a stiff brush, 
and it seldom will be necessary to use chemicals. 

e. Take care in erasing to.move the carriage 
, to-one side so that-erasure crumbs will not fall. 
” into the mechanism. . 

At regular intervals you should give the 
typewriter a-more thorongh cleaning. Frequency __ 
“of thése. cleanings” will depend onthe amount of 
‘usé the typewriter receives. and the amount of 
dust in your office atmosphere. In general, it is 


recommended that the following procedures be 


carried out weekly: 

f.. Clean the carriage rails and marginal stop 
_bar, using a cloth slightly moistened with oil. 
“Move ‘the carriage back and forth in the process. 

g. Clean the platen or-cylinder. Remove, if 
possible, and wipe with a cloth moistened with a 
very small amount of denatured alcohol or 
cleaning fluid. Do not wipe off; allow fluid to 
evaporate. , 

h. Clean type, using a short-bristied type 


brush. Tap ‘lightly with the points of: the bristles 


to loosen the dirt; then brush up: lightly. 
i. Brush: type bar segments and .dust the 


' interior of the machine. Use a long-handled _ 


brush, brushing: toward the front,of the 
machine. By. clevating.a few type bars at a time, 
you can reach into the mechanism. DO NOT 
‘FORCE THE BARS, Use a soft-cloth alternately 
with brush. 

j. Wipe the sides and back ‘of the machine. 
Always clean the-typewriter before cutting a 
Mimeograph stencil., If the typewriter ribbon’ 
lever is set for stencils (usually a whité dot on 
the machine), ‘both the type and the ribbon will- 
‘be-cleaner than otherwise. - 


If operating instructions for your typewriter 
are- available, they- will. help you identify parts 
and give you additional information about care. 

If further oiling or repair work is needed, the 
machine should be tured over to.a typewriter 
mechanic. : 


MAINTAINING HEADPHONES 
AND MICROPHONES 


The best way to maintain headphones and 
microphones is to ensure that they are handled 
properly. Proper handling includes hanging up 
cheadphones by their straps, not by tne cord; 


a 


_ Maintenance Book (EIMB). . 


remioving a plug from a jack by grasping the 


plug, not the cord; voiding kinks or other 
strains in the cord; avoiding rough handling of 
microphones and headphones; and avoiding 
‘exposure ‘to moisture. Carbon microphones may 
be dried out with heat lamps; periodic heating 
may prevent accumulation of moisture. 

NOTE:, Do not blow into a. microphone. 
This practice is résorted to much too uften when 
testing a miGrophone. This practice should be 
avoided to ensure longer life for the 
microphone. : 

Repair of headphone. and microphones 
consists largely of replacing or repairing plugs, 
jacks, and cords. Always try to repair defective 
equipment: first. If you .are ‘unable to,-repair 
defective equipment, tag it.as defective and then 
us ready spares. When time permits, see that 

* defective phones are repaired, 


SAFETY AND ACCIDENT 
PREVENTION 


When working with radio, or with any 
electronic equipment, ‘one rule that must be 
stressed strongly i is: SAFETY FIRST. Dangerous _ 
voltages energize muchi of the equipment with 
which you’work. Power.supply voltages range. up 
to 40,000 volts, and radiofrequency voltages are 
even higher. 

Special precautions are also necessary 
because electrical fields, which exist in the 
vicinity of antennas and antenna leads,- may 
introduce fire and explosion hazards, especially 
where flammable vapors are present. Additional 
precautions are needed to warn personnel 
working aloft to prevent injuries from fails and 
stack gases. 

Safety precautions outlined in this chapter 
are .1Ot intended to supersede information given 


in instruction books or in other applicable. - 


instructions for installation .of electronic 
equipment. Additional ‘safety information is 
contained in NAVSHIPS 0967-000-0100 
(Section 3) Electronics Installation and 


Most accidents are preventable. However, 
through ignorance or misunderstanding, there is 
a common: belief that they are the inevitable 
result, of unchangeable circumstances or fate. 
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This belief is untrue because it fails to consider 
the basic law of “cause ard effect” to which 
accidents are subject: In other words, accidents 
do not occur without _a cause, most accidents are, 


the direct result of some deviation from 


prescribed safe operating procédures. 

A preventable accident may be traced to 
causes. a§ basic as the heredity and early 
environment of the individual. These causes may 


‘be revealed in the form’ of’ personal ~ 


characteristics which permit the individual to 
perforn: an unsafe act or -permit a hazardous 
condition. to exist: when. an accident results, the 
“cause and effect” sequence is completed. 

’ One purpose of safety rules is.to remind the 
individual of the dangers inherent in his work. 
Training ‘in the observance of safety precautions 


can be instrumental. in avoiding preventable- 


accidents and in maintaining a work 
environment which is conducive to accident-free 
operation. Operating procedures: and’ work’ 
methods adopted with hazard. prevention asa 
specific criteria do not expose personnel 
unnecessarily to injury or occupatignal health 
hazards. Accidents which are- about to happen 
.can be prevented if the “cause” is detected and 
appropriate remedial action is taken. 


RESPONSIBILITY * 


+ 


Responsibility for the safety of personnel is 
vested in the comm nding officer, so he 
necessarily delegates his authority to the 
executive Officer, Safety officer and other 
_ subordinates to ensure that all: prescribed safety 
precautions are understood and strictly 
enforced. The commanding officer attempts'to 
insure that the personnel under his jurisdiction 
are instructed’ and drilled in applicable safety 
‘precautions; he requires that adequate warning 
signs be posted in dangerous areas; and he 
establishes a force to see that such precautions 
are being observed. It is the responsibility of 
supervisory personnel to see that precautions are 
strictly adhered to in.their own work areas, since 
they are responsible to the commanding officer. 
Furthermore, each individual concemed should 
strictly observe all safety precautions applicable 
to his work or duty. Thus, it is obvious that 


ae < 


accident prevention is the _business-.of- -every. 
individual—not just a delegated few. 

As an individual, you have a responsibility to 
yourself and to your shipmates- to do your part 
in preventing accidents. You must always be 
alert to.détect aiid report unsafe work practices 
and unsafe conditions so that they may be 
corrected before they cause accidents. 

Each individual must: 

a. Report any condition,’ equipment. or 
material which.he considers to be unsafe. 

'b. Warn others whom he believes to be 
endangered by known hazards or by 
their failure to observe safety precautions. 

c. Wear protective ciothing or use 
protective equipment of the type approved for 
the safe performance of his work or duty. _, 

d. Report to his supervisor any injury or 
evidence of impaired health .occurring. in the 
course-of his:work or-duty. 

e. Ex4rcise reasonable caution as 
‘appropriate to the situation in the evént of an 


_ emergency. or other aaa hazardous 
; condition: 


* 


Post-accident investigations have revealed 


that the: majority of accidents result-from unsafe 


practices or acts, most of which are known 
beforehand to be unsafe and in violation of 
safety practices, rules, regulations, or directives. 
Other human factors found.to be the cause of - 
accidents include fatigue, monotony, 

preoccupation ,at a critical. moment 

(inattention), mental and/or -physical problems, 
improper supervision, lack of motivation and 

such. Because of various factors, individuals do 

not always act (or react) as they were trained, 

instructed, or directed to act. Results of this. 
condition, most probably, will -be an accident 

because of “human error.” : 


Human error: includes all the actions or 
inactions of an individual having a bearing on-an 
accident or on. an- unsafe practice that can lead 
to. an accident. To reduce human error as a 
predominant cause of accidents, it is the 
responsibility of every individual to acquaint 
himself with the environmental hazards 
surrounding him. He should condition himself to 
be alert, both mentally and physically, so that 
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he can protect himself and others by not 
foolishly or unnecessarily exposing himself .ty 
hazards. 

Accidents do not happen without a cause; 


‘ “when, each. individual can -be made. aware of the 


hazards involyed: with his work, fewer accidents 


’ will result: Accident prevention must be a, 


continuous effort in which each individual gains. 
experience and knowledge through day-to-day 
association with co-workers who are aware of 
the hazards of their environment. “y 
Remember! As an: individual, you have ‘a 
responsibility. to- yourself. and to your shipmates, 


You must always be alert to.detect and report ~ 


hazardous work practices and conditions so that 
they can be corrected before they cause 
accidents. In all cases, when working on or near 


“ electrical or electronic. equipment, learn to 
respect your equipment’ $s potential! for 


accidental eomage and i injury. : 


l 
‘ELECTRIC SHOCK 


Fundamentally, current rather than voltage 
is thé criterion of shock intensity. The passage 
of even a very small current ‘through a vital par 
of the human body will cause death. The voltage 


. necessary to produce the fatal current is 
- dependent upon the resistance of the body, 


contact conditions, the path through the body, 
‘etc. The probable effects of shock are shown-in 
the accompanying table. 


AC, 60-Hz DC 

mA)" (mA) Effects 
0-1 04. Perception 
1-4 ~ 4-15 Surprise 
4-21 " _ 15-80 Reflex action. 
21-40 . 80-160 Muscular inhibition 
40-100 160-300 = Respiratory block 
Over 100 Over 300 ~— Usually fatal 


It is imperative to recognize that the 
resistance of the human body cannot be relied 


" upon. to .pfevent a fatal shock from 1/5 volts or 


even lower voltages—fatalities from as low as 30 


volts have been recorded. Tests have shown that ° 


body resistance under unfavorable conditions 
may be as low as 300 ohms and possibly as low 


ee 


as 100 ohms froin temple to temple if the skin-is 
broken. Volt for volt, DC potentials are 
normally not as dangerous as AC as evidenced 
from the fact that reasonably safe ‘“let-go 


currents” for 60 hertz alternating current is 9.0. 
milliamperes for_men and 6.0 milliamperes for 


wom 1 while the corresponding values for direct 
current, are 62.0 milliamperes for men and 41.0 


. milliamperes for women, 


SYMPTOMS OF 
ELECTRIC SHOCK - 


In the event of severe electric shock, the 
victim. is-usually very white-or blue. His pulse i is 
extremely weak or entirely absent, 
unconsciousness is complete, and burns are 
usually present. The victim’s body may -become 
rigid: or stiff in a few minutes. This condition 
can be caused by muscular reaction to shock, 
and. it shall not, necessarily, be considered as 
rigor mortis. Therefore, artificial respiration 
shall-be. administered immediately, regardless of 
body stiffness, as-recovery from such a state has 
been-reported. Consequently, the appearance of 


rigor mortis should not bs accepted as a positive 


sign of death. 


RESCUE OF VICTIMS . 


The rescue of electric shock victims is 
dependent ugon prompt administration of first 
aid. 


WARNING ; Pare 


DO NOT ATTEMPT TO 
ADMINISTER FIRST AID OR COME 
IN PHYSICAL CONTACT WITH AN, 
ELECTRIC SHOCK VICTIM 
BEFORE THE POWERISSHUTOFF. .7 
OR, IF THE POWER CANNOT BE 
SHUT OFF IMMEDIATELY, 
_ BEFORE THE VICTIM HAS BEEN - 
REMOVED FROM THE LIVE 
CONDUCTOR. a P 
When. attempting to administer first aid to 
an electric shock victim, proceed as follows: 
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a. Shut off the power. Ifthe power cannot 
be shut off, use 4 well insdlated axe.and cut the 
power cable, if such cable-is involved.- 


b. If the ‘power cannot be'deactivated, per 


Step a, remove the victim*immediately, ° 


observing the following precautions, 


Protect yourself with dry ‘insulating 
material, a a 

Use a dry board, belt, dry clothing, or 
other available non-conductive material 
to free the victim (by pulling, pushing, 
or rolling) from the power-carrying 
objéct. DO NOT TOUCH the vietim. 


c. Immediately after removal of the victim 
from the power-carrying object, administer 
artificial respiration, as described later in this 
chapter. 


eg 


GENERAL SAFETY 
PRECAUTIONS AND POLICIES 


6 


When working on electronic circuits, 


Operational and maintenance personnel must 
‘bear in mind that accidents are always ready to. 
strike those who are careless, Therefore, some 


essential precautions must be taken before - 


starting any work on electronic’ circuits. For 
example, a technician must always remember 
_ that prior to working on an electronic circuit, he 
must deactivate all power sources to that 
particular circwit, or use the proper and 
authorized safety device ard procedures when 
he thinks that it is-not.practical-to secure power 
to the circuit., Such. a basic, but ‘vital, saféty 
precaution, as-‘we]l as other such vitai safety 
precautions pertaining to the proper handling of. 
electronic equipment circuits, are compiled in 
this subsection. These safety precautions, 


together ‘with those contained in equipment _ 
technical’ manuals and Maintenance 


Requirements Cards, comprise a nucleus for the 
promulgation of detailed instructions for 
accident-free installation, maintenance, and 
operation of electronic equipment arid facilities 
ashore and afloat.. . 
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INTENTIONAL SHOCKS 
ARE FORBIDDEN . 


Intentionally taking a shock.at any voltage is 
always dangerous and is STRICTLY 
FORBIDDEN. Whenever it becomes necessary 
to check a Cifcuit-to see if it:is alive, a test-lamp,. 


‘a voltmeter,-or sqme other appropriate 


indicating device shall be used. The indicating 
device employed shall be-suitable for obtaining 
the desired check without jeopardizing 
personnel, and if necessary, it should be used in 
conjunction. with authorized safety devices. 
Never implicitly trust insulating material: treat 
all wiring as though it were bare of insulation. 
Insulating material has-failed before and may fail 


.  4gain—be on the alert! + ° 


RUBBER FLOOR MATTING 


. To eliminate likely causesso? accidents and 
to afford maximum protection. ‘to: personnel’ 
from the hazards associated with electric shock, 
only the approved -rubber ‘floor matting for 


electsic and electronic spaces shall be used. In “ 


many. instances, after accidents ‘had. occurred, 
investigations showed: that the operating 
locations, and areas around electric and 
electronic equipment were covered with only 
general-purpose black rubber floor matting. This. 
type of matting should not be used because .its 
electrical characteristics do not provide adequate 
insulating properties ‘to protect personnel’ from 
the possibility of electric’ shock; -also, the 
material used in the manufacture of this-matting 
is not fire-retardant. > | es, : 

. The careful design and fabrication of the 
floor matting material minimizes the possibility 
of accidents. However, to ensure that the safety 


‘factors’.which were incorporated in the 


manufacture ‘of the material are effective, and 
that the matting is completely: safe for use, 
Operation and, maintenance personnel must 


make certain that all foreign substances , that . 


could Possibly contaminate or impair the 
dielectric properties of the matting material are 


promptly. removed from its surface “areas. For, 


this reason, scheduled periodic visual-inspection 
and cleaning practice procedures should bey 
established. During visual inspections; personnel 
should make certain. that the dielécttic 


+ 
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i “ equipment. No perso shall be permitted above 


properties of the matting ‘have not been ° 
impaired or destroyed by oil impregnation, 
Piercing. by metal chips, cracking, or other © 
causes. If it is apparent that a section or tne 
_gntire length of matting is defective for any 
Treason, it should be°rémoved, and replaced 
immediately yy, new oe material. 


NEVER WORK ALONE 


“Never work on ian equipment by | 


oy have another: person (safety observer) 


qualified in first.aid for electrical shock present 
at all times. The safety observer should also 
»know which circuits and switches control the 
equipment, and-should te- given instructions to- 
pull ‘the switch immediately if anything | 
unforeseen happens. 


AUTHORIZED «°° oS . 
PERSONNEL ONLY > oe 


Because of the danger of fire, damage to 
material, and injury to personnel, all repair and” 
maintenance work on electronic equipment shall 
be done only by duly authorized and aualiet: 


. persons. : 


ENERGIZED ELECTRONIC * 
EQUIPMENT | 


7 
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Personnel should not’ reach within or enter. 
energized electronic equipment. enclosures for 
the’ purpose of : ‘servicing Or adjusting except 
when such servicing or adjusting i is prescribed by 


- official: applicable technical manuals (instruction , 
books)‘ and ‘then’ only with the immediate 
“assistance of another person capable of 


rendering adeqyate aid in the event of an 


- emergency. Personnel will be wdrned:to exercise 


extreme caution .when reaching into the 
enclosures of equipment haying: internal exposed 
high voltage points. The metal shielding shell of 
sOme capacitors, klystrons, cathode-ray tubes, 
and other components are - high potentials 


-above ‘ground. * : 


Rs addition, be careful with loose metal 
parts, tools, and liquids. Ni No’ person n shall take 


: = meta ‘parts, tools or liquids near or above 


a-starter box or above open electric or electronic 
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, open electric or electronics appatatie with? louise 
* metal objects attached to clothing. Stowage or 


.insertion of tools or other foreign’ articles in or 


near switchgear, control appliances, "panels, etc.s 
is strictly forbidden. 
Post-accident. .investigations . usually -haye 


_ shown that accidents -resulting from: -energized 
electronic equipment could have been prevented: 


by adherence to established saféty precautions 
and procédures. Among. the established safety 
precautions are the following. 

a. Carefully study the schematic.and wiring 
diagrams of the entire ‘circuit, noting. which 
circuits must be de-energized in addition to the 
main power supply. : 

b: Obtain permissior? from: your. supervisor 
and the maintenance supervisor .in charge if it 
becomes necessary to work .cn enérgized 
equipment. 

c. If approval is given to ‘work on 
equipment. with the powes applied, never work 
alone; always have. an assistant who can provide 
or get-help in an emergency.” 

d. When making measurements or tests, 
always keep one hand: behind your back or in 
your pocket, 

e. Do not réach into- the equipment 
enclosure unless absolutely necessary. When this 
must be done, make sure that approved 


* insulating material and -procedures, age used: 


stand on a rubber matting, wear rubber gloves, 
cand the like. 


2 > 


. REPAIR OF 


ENERGIZED CIRCUITS . * 4 e 


(‘orrective maintenance, or any other type 


energized circuits except under emergency 
conditions which are considered essential by the 
commanding offi icer. In: such an emergency, the 
corrective maintenance ‘of energized circuits 
shall-be accomplished under the supervision of 
an experienced electronic technician or officer, 
and“every care shall be taken to observe the 
following safety precautions. 


a. Provide ample light for illumination. 

ib. Remove loose clothing. and metallic 
objects such as bracelets, rings, etc., from the 
worker. . . 


19900 


v : oat 


‘ of repair work, shall’ hot be performed on 


_ et gy, 


- . “4 Chapter 16 MAINTENANCE AND SAFETY “= Pa 
* ae 2 pinata ren eee = - . 
Cc. “lastilaee ‘the Worker from ground with OPERATING POWER eyereHes & 
sheets Of phenolic insulating material or a ‘ 
7 suitable rubber nfat, depending upon conditions As a general, male use. only one hand for 
oat involved, ‘“. switching. Keep the other hand clear. Only one 
cae d. Cover metal tools with insulating rubber switch should be touched at one time by one 
tepe. se person: Before closing a switch, make sure ‘that: 
e. Use only-one ~hand, if practical, ine - : 
acconiplishing the work. a. The-circuit-is- ready and all ‘alike: are free. - 
‘  f.e Rubber gloves will be worn on.both b.- Men near moving parts are notified that ; 


. _+ hands if at all possible. If not possible, a rubber the circuit is to be energized. This is particularly 
glove shall be worn, at least, on the hand not . important in cases where rotating antennas are 


used for handiing tools. _ energized. : 

g. Have men. Stationed by circuit breakers c. Proper fuses are installed for. protection 
or switches so ‘that the citcvit or switchboard of the circuit. ; 
:can be deenergized itnmediately in case of d. Circuit breakers:are closed. = ¥ 
emergency. , pee Se Be oe 

h. A.man qualified in first aid for electric When opening and’ closing switches, ease the : 
shocx shall be present si the entire period: lever or knob to a position where safe and quick . ou 
of répairs. ‘action can be made, and then make ‘the: final 


i. If equipment’ vase be’ energized after motibn. positive-and rapid. For switches carrying: 
removal from its normal_rack or ‘mounting, make high current, the break should be positive and- 
certain that all parts, normally at. ground. rapid. 


‘potential, such 2s chassis-to-frame ground For switches enclosed -in watertight. cases, 
terminals, are securely: grounded, * 7 ‘such vas Snap switches and multiple rotary. 
switches, it is important to -make Sure that the 
OPERATING CIRCUIT BREAKERS’ .switch. has been operated to the - position 
. -actually intended. Reports have beeri réceived . 
C. . ie Except for Operating handles, all parts of indicating that switch: handles were not moyed ® 
foe circuit breakers are pormally conductive. While far enough when transferring circuits .from-one , 
7 " Opesring of closing circuit breakers: ~ station: ‘to another. ‘Consequently, the switch 
contacts,were left in an “in-between” position and 
“o a. Ucz-only one-hand, ; ‘the-cireuit was actually open, leading to possible 
b. Keep--your hands. clear of parts othe; casualty.’ The cause. was tracéd. :to excessively 
_ than operating handies. tightened: gland rings on the switch.shafts which 
¢. Touch only one ‘breakez ‘handle at a preyented the action of -the Switch detent , 
time. mechanisms from’ being readily felt by, the : 


d.-in Case where positive. and negative operators. 
breakers have.two handles, one One breaker at : Maintenance. personnel: should check all 


— oe ; ‘water-tight rotary switches ‘used as “‘safety.’ 
ea -Close the: e breaker ker first and then cor the switches on fotating and. transmitting devices to 
c ee ensure that each js operated to its proper 
f. Trip circuit breakers ‘before ‘Opening Positions and that none. are sticking, in an 

switches. « » : “in-between” position. - 


g. Never disable a-circuit bréaker. 
»  h, ‘Keep. your face: turned away while TAGGING OF OPEN SWITCHES 


reo 
+ 


‘closing circuit ‘breakers. Wearing’ of safety ee 
 goggles-is Tecommended while opening oi-closing Before performing correctivé or ‘routine 
. non-enclosedi- types of cureult oreakers and maintenance on ‘any electric or electronic 
oa switches. . ~ equipment, the main‘supply Switches or cutout 


’ ~ i, Never stand- ‘over a circuit preaker while switches in each circuit, -from which - power - 
~powerison” e ‘ could possibly. be fed, will be secured in the 


ie 
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open or “safety” position and tagged when 
repairs of energized” circuits are. required. The tag 
shall read: “THIS ‘CIRCUIT WAS. ORDERED: 
OPEN FOR REPAIRS AND SH: LL NOT BE 
* CLOSED EXCEPT BY DIRECT ORDER OF” ° 
-(Nameé aiid’ rank.of pérson-making; or directly i in. 
charge of repairs), or “DANGER— SHOCK 
HAZARD-—DO NOT GHANGE POSITION ‘OF 
SWITCH EXCEPT BY DIRECTION OF”. (name 2 
and rank of person making, or directly in charge, 
of repairs, or as specified by the 
_ operational/ty pe commander). The latter of the 
. two tags described above is shown: in. ‘Figure ., 
16-1. 
“ "+ When more than one 2 repair party is engaged | 
‘in the work, a tag for-each party shall’ be’ placed 
on: the supply switch. Each party’ shall remove 
only its 6wn tag-upon- completion of the: work. 
Where switch-locking facilities are. available, 
the switch should be locked in the open 
(SAFETY) position and the key retained by the 
person: doing -the work $0 ‘that only he, or a 
‘ person: designated by him, can remove. the lock 
. andrestore the-circuit. .- . 


™ 
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USE OF STEELWOOL 
_ AND EMERY CLOTH 


ney 


» The use of steel wool or emery cioth for 
‘cleaning is harmful to.the normal operation of 
electronic equipment. Also emery cloth or stéel 
wool must never ‘be used to clean -contacts. 
Considéring the harmful.effects ofusing, steel . 
wool in -electronic equipment the following 
statements show how steel-wool is 4 menace: 


a. Ventilation currents distribute them 

. where they do the most harm anc. magnetic - 
materials, often being present, will collect 
ferrous particles. 


b. The use of steel wool on electronic. 
‘equipment is not permitted, since residual 
peters of stee! may cause a short circuit, 

The above statements ; are clear a to, the 
‘point. When cleaning electronic parts. or 
_ equipinent, DO NOT ‘USE STEEL WOOL OR 

aERY or. ; 


* 


ia 


. by all personnel. © 


ee » 201, on 


DANGER 1 + 


fe SHOCK. “| 
| HAZARD | 


NO.NOT CHANGE 
POSITION OF 
a SWITCH 


EXCEPT | 


“BY DIRECTION OF 


NAME” ¢ 
RANK , : : : + 
EES 
NAVSHIPS'9262/ 1(REVs6-67) 

GPO 1967-271-586 


ie S/N 01010 5-634-¢000 a 
a oY ; 
. 40. 67(678)C 
Figure 16-1, .—Waming tag for marking open position 
of switches.. , 


PORTABLE ELECTRICAL TOOLS 
_ AND- EQUIPMENT 


‘Improperly wired electncal tools, portable 
electrical and electronic equipment, test 
equipment, etc. are extremely hazardous; 
especially when. they; are powered by the Ship’s | 
115-volt, 60-hertz, single-phase power. The” 
safety, precautions involving the use of. portable 


électrical tools and equipment: .and the policies - 
regarding- ‘certain wiring procedures are — 


contained in the paragraphs that follow. These 
safety ase and policies will be practiced 


- WARNING" . 

NEVER ‘USE ANY. METAL-CASED 
PORTABLE’*EQUIPMENT,. 
pEEHIANCE: OR POWER TOOL, OR 


b 


a hy” 


. 7 It is the ‘purpose bf this section to supply - 


ee 


ANY CABLE OR, EXTENSION 
CORD UNLESS YOU ARE 

“ ABSOLUTELY SURE THAT IT IS’ 

| EQUIPPED WITH A PROPERLY 
CONNECTED SAFETY GROUND 
CONDUCTOR. — - 


The hazards associated with the: use of 
portable power tools are electrical shock, 
bruises, cuts. particles in the eye, falls, 

_ explosions, and such, Safe practice in the use of 
these tools will reduce of eliminate such 
accidents. Listed below are some of the general 
‘safety precautions that will be observed when 
your work requires the use of portable* power 
tools. 

-Ensure that all tetabeassa portable 
ae ‘tools are grounded. o> 


b. Do not use spliced cebiés unless an 


emergency warrants the-risk involved.’ 

c. Inspect the cord and. plug for proper 
connection. Do not use any power 'tcol that has 
a frayed cord or broken or damaged plug. 

d, Make sure that the on/off. switch is in 


‘the off position ‘Before ‘inserting or removing the . 


“plug fromthe recéptacle, .-» 

‘e. Always- connect the ‘cord of a. pdrtable 
power tool into the extension cord before the 
extension cord is inserted-into a live receptacle. 
_ f. Always unplug the.extension: cord from. 

_ the receptacle before the cord. of the portable 
‘power tool’ js. unplugged “from the extension 
~ cord. - ‘ 
. 0 See that all cables are positioned so that 

they will not constitute a tripping hazard. 

-th, Wear eye protection when working 
aha: particles may strike the eyes. oer 

“a After completing. ‘the task requiring -the 
use’ of a portable power tool, disconect the 
power cord. as described in. ‘Steps d and f and 
stow the tool in its-assigned location. “ee 
- ’ HAZARDOUS EQUIPMENT | 

a ‘AND’ ‘MATERIALS 


“ This section- ‘provides information pertaining 


~, to hazards and -hazatdous items of equipment 


that may cause injuty and, in sévere cases, death. 
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Operator and maintenance personnel with 
information pertaining to these hazards and to 
provide sufficient safety practices which, when 
faithfully enforced, will aid in the elimination of 


accidents. P 


7 


. 
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.CLEANING SOLVENTS ~ 


1 
’ 


The’ technician who smokes while using a 
volatile cleaning solvent is inviting disaster. 
Unfortunately, many such disasters have» 
occurréd. For this Teason, the Navy does not 
permit the use of gasoline, benzili®; ether, or like 
solvents for cleaning purposes, since they 
present potential fire or explosion hazards. Only 
non-volatile solvents sliall,‘be used to ,clean 
electrical or electronic apparatus. 

In addition to the: potential. hazaid of 
accidental fire or explosion, most cleaning 
solvents can damage the human ‘respiratory 
system, in. case of: "prolonged inhalation. The 
following list of “DO NOT’s” will serve as an 


- effective reminder to technical personne] who 


must use cleaning solvents. Oe da 

a. DO NOT work alone in & pooriy ventilated 
compartment. : 

b. DO NOT use carbon. tetrachloride, This 
iS a highly toxic compound. 

¢. DO.NOT breathe directly over the vapor - 
ofé ‘any cleaning solvent for prolonged periods. 

d. DO NOT s pray: cleaning solvents on 
electrical windings or insulation. +. . 

e. DONOT apply. solvents to,warm or hot 
equipment since this increases the toxicity 
-hazard.- . o t 

The Following: steps are. positive safety 
precautions which will be followed when 
cleaning operations are undelway: 


“Use .a blower-or a canvas wind chute to 
iow air into a compartiient i in-which a cleaning 
solvent is being used. : 

“b. Open all usable port holes and ‘place 
wind-scoops in.them, ‘ 

c. Place a fire a aa close by, ready 
. for, Pg 

If feasible, use water compounds instead 
of nie solvents. 


c 


inhibited meth 


in 


_ (Threshold is. 


> Weat rubber “gloves to prevent direst 
contact with solve ts. 

f. Use go les when a solvent is eine 
sprayed on permissible surfaces. 

g. Hold: the nozzle close to the object being 
sprayed: |e : 


et e. 


s 


_ Where ‘ate: ¢ompounds are not feasible, 
1 chloroform (I, 1, I, 
Trichloroethane) shall be used instead of the 
dangerous carbon tetrachloride. Methyl 
chloroform has a threshold of 500 
parts-per-miilion (ppm) in air, whereas’ carbon 
tetrachloride has a threshold of 25 ppm. 
he point above which the 
concentration in air becomes dangerous.) Methyl 
chlordform is.an ¢ffective cleanerand as safe as 
can be expected When reasonable caré, such as 
adequate ventilation and observance of fire 
precautions, is exercise. When, using inhibited 
methyl chloroform, ,avoid' direct inhalation of 


_ the vapor—it is fot safe for ‘use, everi with a gas 


7 explosion, 


\ 


mask,, because i i s mE ‘displaces oxygen in the 
air, | c 
AEROSOL DISPENSERS _ 


Deviation from .prescribed procedures 
regarding the! selection, application, storage, or 
disposal of aerosol dispensers containing 
industrial sprays can result -in serious injury to 
personnel because of toxic effects, fire, 

| and so on. Specific instructions 
concerning | the precautions and _Procedures that 
must. be observed- to prevent physical injury 
cannot be jgiven in this manual. because of the 
multiplicity of available industrial. sprays. 
However, all personne! concerned with the 
handling of aerosol dispensers containing volatile 
substances should clearly understand the hazards 
involves and the importance of exercising 
protectiy e measures to prevent personal injpry. 


Strict compliance with the instructions printed. 


on the aerosol dispensers will prevent many of 
the accidents which result from misapplication, 
mishandling, or improper “storage -of. industrial” 
sprays: 

me basic rules which must be observed to 
ensure safety in the use of aerosol dispensers 
are: o : : 


X, 
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"Carétully read and sant with the 
jegratione printed on the. container. 
: b. Do not use any dispenser that is capuble 
of producing dangerous gases of other toxic 
effects in an enclosed. area unless the area is 
adequately ventilated. ‘ 

c. If a protective coating must be ee 
in an:inadequately ventilated space, either an-air 
respirator or self-contained breathing apparatus 
should be provided. However, ‘fresh air supplied 
from outside the enclosure by use of exhaust 
fans or portable blowers is preferred. Such, 
equipment will prevent inhalation of toxic 
vapors. 2 

d. Do not Spray protective coatings on 
warm or energized. equipment, because to do so 
creates a fire hazard. 

e.. Avoid contact of your skin with the liquid 
contained in the dispenser, Contact with soine 
of the liquids being used, may result in burns, 
while ‘milder exposures may cause only dashes. 

f, -Do not puncture the,dispenser, because 
it is. pressurized. Injury can result from we 


- practice. 


g. Do not discard used dispensers in 
wastebaskets that are to be’ émptied into an 
incinerator; an explosion of the dispenser niay: 
result, , 

h. Keep dispensers away from direct 
sunlight, heaters, and other-sources of heat. 

i. Do not store /dispensers in an 
environment where the temperature is above. the 
temperatuie limits printed on the dispenser case. 
Exposure to high ‘temperature may. cause me 
container #0 burst. 


< 


_FUNGUS-PROOFED AND ' 
"*FIBERGLASS-INSULATED WIRES 


Handling fungus-proofed, fiberglass-insulated 


"_ Wire requires certain precautions to prevent skin 


irritation. Insulation stripped from these types 
wires should be placed .in containers to keep it 
off floors, ‘benches, and clothing. Insulation 
“dust” (small particies of insulation shed during 
stripping or flexing of the wire) should be 
collected with.a vacuum cleaner. Compressed air 
shall never be used .to remove “dust” from 
benches, equipment, or-floors. 

.After stripping or handling fungus-proofed 
wire, the hands and aims should. be washed 


€ 


<S 
~s 


thoroughly with Soap. andwater. If an itching 
sensation is experienced, a good hand cleaner 
should be used to femove the.remaining particles 
of fiberglass. Scratching of the affected area 
shall. be dvoided. If skin irritation persists, 
medical advice shall then be sought. 


CATHODE-RAY TUBES , 


Cathoderay tubes (CRTs) are, potentially, 
extremely hazardous.items. The phospor.-coating 
on their internal faces is toxic and the large 
physical size of their glass envelopés.can create 
‘violent, implosions, if brokén. Their glass 
2 envelopes are highly evacuated and, 
consequently, their large surface areas are 
subjected to considerable force by atmospheric 
pressure. For example, the total force exerted 
on 'the overall surface of a 10-inch CRT isnearly 
2,000 -pounds, of which 1,000 pounds is exerted 
on the face alone. When .a-CRT breaks,.the high 
external pressure causes the tube ‘to implode 
(burst. inwards) and, as:a result, the inner metal 
- parts, glass fragments, and toxic phospors are 
violently-expelled. Dok 

Extreme care shall also te taken whenever 
disposal of CRTs: is necessary. All defective 
tubes will be stored-in-such a way that injury to 
personnel: will be avoided. When a CRT’ is 
removed from a unit: it should-not,be allowed’ to 
remain exposed to dainage or shock on work 
benches etc., but should be immediately placed 
in the container provided for that purpose or in 
,the container that held’ -the replacement tube, 
* unfil-disposal. Se 


‘ ’ 


.WARNING 
.» THE PHOSPOR COATING ON THE 
INTERNAL ‘FACE OF THE CRT IS 
EXTREMELY TOXIG.” WHEN ~ 
DISPOSING .OF A. BROKEN: TUBE, ' + 
BE CAREFUL NOT-TOCOMEINTO 
CONTACT WITH THIS COMPOUND. 
. IF CONTACT IS MADE, CONSULT * 
A MEDICAL OFFICER 
IMMEDIATELY, . F 
Before a-CRT is discarded, it should-be made 
harmless by. breaking: the vacuum glass. seal.-To' 


o 


accomplish this, proceed as follows: 
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a. Place the tube thats to-be discarded: in 
an empty carton, with its face down, . 

b. Make sure that goggles are worn. 

¢. Carefully break off the locating pin from: 
its base. (See Fig. 16-2.) 


‘ * 6 


d. With.a small screwdriver or probe, break 


off the tip of-the glass vacuum: seal. 


ELECTROMAGNETIC RADIATION 


* 4 


, Electromagnetic radiation :(also, referred: to, 


as RF radiation) can be neither seen nor easily 


‘sensed. Therefore, its presence -must be 


measured: by. use of special sensitive instruments, 


or by theoretical calculations, so, that.the safety . 
of-personnel involved, in various activities-within, . 


the electromagnetic efivironment will be assured. 
A discussion. of the various methods used to 
sense the presence of electromagnetic energy jis 
beyond the scope of this:manual. However, the 
importance of remaining alert to the danger of - 
Overexposure to electromagnetic radiation as 


. well as to the dangers of other radiation hazards 


4 


is€mphasized. - : 

BIOLOGICAL EFFECTS OF 
ICROWAVE ELECTROMAGNETIC 

ENERGY 


s 


¥ 


' The enetgy impinging on an object “in an 
electromagnetic field may be ‘reflected or 
absorbed. Only the. absorbed energy constitutes - 
a biological hazard. The amount-of penetration. - 
of energy into the body and its absorption 


rv 


LOCATING °. Off 
ST nes 


. ¢ 20.320(40) 
Figure 16-2.~Cathodé-ray tube bese structure, 
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spews upon the: physical dimensions of the 
body, the electrical properties of the, tissues, and 
the wavelength of the electromagnetic energy. 


For any significant effect to occur, the. 


physical- size of the.object-must be.equivalent to 
at. least one- tenth the wavelength of the radiated 
-, energy. Neglecting. other physical: measurements 
of the human body, : ‘a man’s height determines 
at what wavelength the electromagnetic: -enerpy 
_.Will“'be most, hazardous to him. As the 
‘wavelength decreases, 


Inversely, as the 
wavelength increases, the man, therefore, 
‘becomes. a‘less significant object i in the radiation 
field: Consequently, the likelihood of the 
occurrence -of biological effects on. human: body 
fricreases as ‘the wavelength ‘decreases (or 
frequency increases). Additionally, as the 
wavelength becomes progressively shorter, the 
dimensions of. parts and. appendages of the 
human body become increasingly more 
significant in terms.of the-number of equivalent 
electyical. wavelengths. Briefly, the effects from ° 
microwave electromagnetic radiation on the 
human body increase’in proportion to frequency 
of the radiated energy. The higher the fréquency , 


> the greater, the absorption by the human body 


and, consequently, the greater the. danger from 

exposure to, electromagnetic radiation. 

_  When.electromagnetic: energy. is absorbed by 
Saves pf, the body, heat is produced in the 
_ tissues, If the organism cannot, dissipate this 

heat-energy. as fast as it is. produced, thefntemal 

‘temperature of the body will ‘rise, sesulting in 

damage to .the tissue. ind, if the rise- is 

sufficiently high, in destruction. of the organism. 

The .body’s ability to dissipate heat successfully 

depends upon many., elated. factors, such as 

environmental air circulation rate, humidity, air 
temperature, body metabolic rate, clothing, 
power. density of the radiation field, amount of 


_ -energy-absorbed,.and duration of exposure. 


Certain-organs..of.the body are considered to 
be more susceptible than others.to the effects of 
"RF radiation. Organs, such.as the lungs, the 


. eyes, the‘testicles, the gall bladder, and_portions 


_of the gasttointestinal tract, are’ not cooled by 
‘an abundant flow of blood through the vascular 
system. Therefore, these organs are more likely 
to be damaged by heat: resulting from excessive 


‘the man’s ‘height ~ 
. Tepresents an increasingly greater number of | 
‘electrical wavelengths. 


exposure ‘to “radiation. “Satarmition presently 
available and éxperience indicate that, of the 


_ organs just mentioned, the eyes and testicles are 


the ‘most vulnerable to microwave radiation. 
Therefore, the possibility of becoming partially 


; blind. or temporarily sterile i is most likely. 


” 
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HAZARDS C OF. ELECT ROMAGN ETIC 
RADIATION To ORDNANLE (HERO) 


? 


The uses of aie initiated isn 


devices are increasing greatly;. ie., for initiating 


. booster rocket igniters and warhead detonators, 


for stage separation in multistage rockets, for 
reliable, high-speed operation of switches and 
valves, and for | many. ‘other purposes. Some 
weapons contain’ ‘more than 75 electroexplosive 
devices (EED). Continuous. development efforts 
are, directed toward reducing weight and space, 
lowering power Fequirements, assuring positive 


response, and ‘increasing reliability and safety. ; 
However, these are not .always complementary: 


goals. » 

At the «same time, the power of 
communications. and radar transmitting 
equipment is being ‘Constantly increased. and the 


frequency spectrum broadened. The radio a 


“frequency spectrum utilized by the Navy. now 
extends from 10 kilohertz to about 20,000 
megahertz. i 

Transmitter. power. output Ss: nay aonrondh 10 
Rilowatts * at, communication, frequencies, and 
peak’ power outputs ¢ extend to approximately 5° 
megawatts at radar frequencies, 

These trends produce incompatible 
situations, Transmitters: ‘and their antennas have 
only one purpose—to, radiate electromagnetic | 
energy, where as the initiating elements of 
ordnance items need only to be supplied with the 
proper. amount of electrical energy for an 


_ explosion to. take place. Several shipboard 


incidents involving | ordnance items have been 
attributed to initiation of their EEDs by 
electromagnetic radiation from the ship’s _ 
transmitting equipment, Each incident occurred. 
during shipboard operations while the ordnance 
item was handled normally. Therefore, with 
many explosive ordnance, items, constraints are 
required for safety and to ensure reliable 
‘performance.’ 
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* To iheet:the growing need for new shipboard hazards? Is it for the safety of personnel‘arid not 
procedures to reduce the hazard to ordnance solely for passing material and administrative 
equipmerit from RF radiation, the Naval Sea _ inspections? Surely, but inspection requirements _ 
‘Systems Command (NAVSEASYSCOM) has must also: be met. It’s policy! However, this 
sponsored tests which, coordinated with studies policy exists for a very good reason—to ensure 
“by other agencies, have énabled the formation of —- personnel safety! 5 = : 
new guidelines and testrictions for handling A frequent discrepancy ‘noted on material 
-electrically initiated ordnance equipment. The and administrative inspections is the use of 
basic problem’ in determining an ordnance . ‘improper, or the complete absence of, Danger 
‘  system’s susceptibility to RF radiation lies in the High Voltage” signs in spaces or on equipment 
evaluation of the antenna-like couplings that ~ where dangerous electrical shock hazards exist. 
‘exist betwéen illuminating fields-and the various ~ To Satisfy material and admin€strative 
EEDs employed. in the system. ‘RF energy may inspections, .and at, the same time to ensure 
enter a weapon as a Wave radiated through-a personnel safety, the following minimum 
_ hole or crack in the weapon skin. RF energy requirements apply. 
“may: also be conducted into-the weapon by the ° - ay : a 
firing leads or other wires that penetrate the a. One “Danger High Voltage ei ones 
weapon enclosure. The precise probabilities of mounted within each entrance of each e ectronic 
EED actuation aré relatively unpredictable, Pace a aaa! space ie ee - 
being ‘dependent upon variables ‘of frequency, bagel ia ~installed oe get “4 as 
field strength, geometric orientation, “a 96 ce ee Ae AHOHT 6 Sn0e) 
environment, and meiallic-or personnel-contacts pi Volts OF SU0¥E- A space containing 
‘ : two entrances required two signs, etc. The -. 


“with ordnance and aircraft. Actuation of an mounting of each sign must ‘be in a conspicuous 
EED is often undetectable without disassembly location So-dt will be in view of all personnel . 


-of weapons. The most susceptible periods are : : : ; e 

diltins tecmbly. disassembly foading, unloading.’ upon theit entering such spaces. Excluded. from 

‘or testing ‘ii electromagnetic fields. The most this pequirement ps living, eating, storage, ;o* 
jikely éffects of premature actuation are supply, and other habituate-type Spaces which i 
“dudding, reduction of reliability, or propellant pea lighting, convenience, and ventilation , 

Ciewy but finite probaDN ot wenecs,__b. Switchboard, mdi antcanasand tuner, 

datonation. a .- and like equipments having exposed terminals-at : 

, ; potentials of 70 volts and above; ‘must, in 

ay : yD, addition ‘to being caged or otherwise protected 

WARNING SIGNS AND POSTERS from, accidental ‘contact by personnel, have a 

‘Warning signs and ,‘suitable guards will. be “Danger. High Voltage” sign displayed on each 

. provided for preventing personnel from‘ . side.of the cage and on-each: door or entrance.of 
accidentally’ coming in“ contact with dangerous _ the cage, “Dead-Front” type switchboards not 
voltages, for warning pérsonnel of possible enclosed in a cage or not having a protective ; 
presence of explosive: vapors and’ RF radiation, barrier do not require display of “Danger .High ‘ 

for. warning personnel working aloft of Voltage” signs, ; ; 3 - 
- poisonous. effects of stack gases, and for wamin ‘ : 

of other ‘dangers which may cause injuries to The “Danger High Voltage” sign shown in 

personnel, Equipment installations should not figure 16-3, is 7 inches ‘by 10 inches in size and 

be considered complete until appropriate made of 18 gauge sheet steel—the largest of 


waming signs have been conspicuously posted. available “Denger-High Voltage” signs. . ; 
: * F - - < oe 
“HIGH.VOLTAGE. RADIO FREQUENCY RADIATION ; @ 
WARNING. SIGNS: . 2 * ',- | |HAZARD.WARNING SIGNS : 
What isthe ultimate goa! for‘the-posting of There: are six radio frequency radiation 
.signs which portray the danger of shock hazard waming signs as shown .in Figure 16-4, F 
. F Py A . 5 : . . 4 a 
309 © a F . . 
y ‘ 7 y 
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Instructions as to where these signs are to be 
posted are included in the ill:stration of eac 


sign; 


RESUSCITATION AND 
ARTIFICIAL RESPIRATION 


. At suitabie intervals, the competent 
authority shall require that all personnel, who 
engage in the operation and maintenance of 
electronic equipment, demonstrate their 
practical knowledge in the application of 
resuscitation and artificial respiration 


procedures. ‘He, also; shall arrange ‘for any. 


‘additional training, if he deems that ‘it is 
necessary, so that all personnel will. attain 
proficiency i in resuscitation: techniques. 3 
' RESUSCITATION FOR a 
’ ELECTRIC. SHOCK 


- ae i t ‘ 
Artificial resuscitation, after an electric 


shock, 
‘  : 1G 


includes artificial respiration to 


’ goles , ; . 3 : 310 


° 


‘re-establish breathing, and external heart 


massage to—reestablish- heart beat and blood 
circulation. To aid a victim of electric Shock, 
after removal from,contact with the electricity, 


immediately: apply mouth-to‘mouth: artificial: . 


respiration. Also, if there is no pulse, 
immediately apply heart-massage. Do not waste 


precious seconds carrying the victim from a 


cramped, wet, or isolated-location. to a roomier, 


-dryer, frequented location. If so desired, you 


may breathe into the victim’s mouth through a 
cloth or a handkerchief placed over his face. If 
assistance is available, interchange the task of 
respiration and heart massage. ; 7 


* 


Cardiac Arrest ( Loss 


of Heart Beat) . 


Ifa subject is a victim of electric shock, and- ; 


has no heart beat, he most. probably hds suffered 
a cardiac arrest. This condition can be verified 
by a complete absence of pulse at the wrist.or-at 
the neck, Additionally, the pupils of his eyes 


will be very dilated, respiration will be wean or 
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stopped, and he may have the appearance of a 
dead person. Under these conditions, severe 
brain damage will occur within four minutes, 
unless the circulation is reestablished by 


application of. cardiac massage. 
"Closed Chest Cardiac Massage 


This method has been widely adopted 
because it is practical and it.can be learned easily 
by anyone who is properly instructed. The 
object of the closed-chest cardiac massage is to 
squeeze the heart through the chest wall, 
thereby, emptying it to create a peripheral pulse. 


This: must be done appreximately 60 times per. 


minute. = 7 


. 


Resuscitation. Procedure 


re 


a. Place the victim ‘on his back; a firm 
surface, such as the deck, is preferred. Expose 

_ the subject’s chest. 
Ra b. Kneél beside the victim; feel for the 
lower end of the -victim’s.stemum (breastbone). 
Place one hand across breastbone so that heel of 
the hand .covers the lower part, and place the 
’ second hand on top of tke first so that the 
Hy fingers paint toward the neck, as in Figure. 16-5. 


a 


Wy 


~ \I 


-victims age. However,. it should be applied as 


_ approximately 60 times per- ‘minute. . 


“ey - 2bo _ 


c. With the arms nearly straight, rock 
forward so that a controlled amount of your 
body’s wéight is transmitted through your arms 
and hands to the breastbone of the victiin. The 
amount of pressure to be applied depends on the 


smoothly as possible. The chest wall of an adult 
victim should be depressed 2'to 3 inches with 
each pressure application. 

d. Repeat application of pressure 


e. An assistant should -be ventilating the 
victim’s lungs preferably with pure oxygen 
under intermittent positive pressure. If oxyger. is 
not available, He shall administer 
mouth-to-mouth. resuscitation. However. closed — 
chest massage will cause’ some ventilation of the 
lungs. Therefore, if you are alone you must 
concentrate on the massage until help can_arrive. 

f. Direct other assistants, when: available, 
to: keep checking the patient’s pulse. Use the 
least. pressure that will secure an-effective pulse 
beat. The pupils will become smaller when the 
cardiac massage is effective. 

g, Pause cccasionaily to determine if a 
spontaneous heart beat has returned. 

h. Precautions. Make every effort to keep 
the hands positioned. as described in Step 2, in 
order to prevent. injuries ‘to the liver, ribs or 
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. Figure 16-5.—Resuscitation procedure. J 
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other vital organs. Since the heart cannot the mouth, remove it quickly with your ‘fingers 

recover-unless supplied with oxygenated blood it... oracloth wrapped-around your fingers. 
is essential that cardiac massage be administered, ; ee . 
- Simultaneously with mouth-to-mouth a. Tilt the head back so the chin is pointing 
| . tespiration. Whenever there is only one rescue upward, (Illustration A). Pull or push the jaw 
worker available. the cardiac’ massage musc be into a jutting-out position (IllustrationsB and C). 
interrupted every 30 seconds or so, for These maneuvers should relieve obstruction of 
administration of rapid mouth-to-mouth the air-way by moving the base of the tongue 


- | respiration for three or four times. away from the back of the throat. ; 
b. Open. your mouth wide and place it 
ARTIFICIAL RESPIRAFION : tightly over the victim’s mouth. At the same 


wala . 2 time, pinch the victim’s nostrils shut - 
The mouth-to-mouth (or mouth-to-nose) (Illustration D) or close the nostrils with your 
: technique of artificial respiration is the most cheek (Illustration E). As an alternative method, 
. 8 effective. method of the resuscitation techniques close the victim’s mouth and place your mouth 
: for emergency ventilation of an individual of over the nose (Illustration F). Then blow into 
any age who' has stopped breathing. whenever the victim’s mouth or nose. Air may be blown 
special breathing equipment or help from through the victim’s teeth, even though they 
another person are not available. may ‘be clenched. The first blowing efforts 
People who-are trained in basic first aidonly, should determine whether or not obstruction 
» usually do not, have the experience, special exists. : 
raining, or the required special equipment to ¢. Remove your mouth, turn your head fo 
“distinguish whether lack of breathing i: a result side, and listen for the return rush of air that 
f disease or accident. Therefore, some form of . indicates air exchange. Repeat the blowing 
aitificial respiration should be administered at effort. For an‘adult, blow vigorously at the rate. 
“-the.earliest possible moment. ' of 1 2 breaths per minute.. 
: \ Any means’that will obtain and imaintain.an d. If you are not: getting air exchange, 
ad open: air ‘passageway from the lungs to. the -rechéck the head and jaw ‘position, If you still 
\* mouth and’ provide for an alternate. increase and do. not get air exchange, quickly turn the victim. 
‘ . decrease in the size of the chest, internally or on: his side and administer several Sharp blows: - 
es externally, will move air in and’ out of a between the shdulder blades in the hope of 
non-breathing person. Mouth-to-mouth dislodging the obstructing matter (Illustration - 
respiration -is an excellent: emergency technique G). Again sweep your fingers throughout: the 
which serves this purpose well. In addition to victim’s, mouth to remove foreign matter.. 
the advantage of -providirg. pressure to inflate . - ; 
the victirn’s lungs immediately, this‘technique “© __ ; ra ig 
provides the rescuer with accurate information’ _- : NOTE as a 
on the, volume, /pressdre, and timing of efforts Ps . eet 
; needed, ; ; Those who do not wish to-cofne into direct’ 
a . When. a person is unconscious and not ‘ contact with victim may hold a, cloth over ‘the 
* 3 breathing, the base of the tongue tends to press victim’s mouth ornose and breathe through it. 
‘ agairist, !and block, the upper air passageway. The cloth does not, significantly, affect the 
‘The procedures-described below should provide exchange of air: ; 
‘for an- open: air passageway when a.lone rescuer ae 
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must ‘Perform aritificial respiration. : . Back-Pressure Arm-Lift Method 
. | ma 
P ‘Mouth-to-Mouth Refer to Illustrations A through E.of Figure 
; se Method for Adults . _ 16-7,.For this method of artificial respiration, 


ee place the victim in a prone position (Illustration . 
. Refer to Illustrations A through G of Figure A). Bend his elbows and place his hands one 
16-6. First,\if there is foreign matter visible in upon the other. Turn his face to one side and 
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a a ° Figure 16-6.—Mouth-to-mouth respiration method for adults. 


place his’ cheek upon his hands. Quickly sweep 
your fingers. into the victim’s mouth. to remove 
any froth or. particles,. while drawing the tongue 
forward. DO NOT waste time in loosening the 
; victim’ s clothing or warming the victim ; this can 
_ bé.done by: an assistant while artificial 
“respiration: i§ in process. nO 
'. Kneek.on either the right or left knee by the 
head of the victim, facing him. Place’your knee 
at the side of the victim’s head, close’ to his 
forearm. Place your other foot near his elbow. If 
it is more comfortable, kneel on both knees, one 
on either side of the victim’s head, being very 
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careful not to.obstruct his breathing. Place your 
hands upon the flat of the victim’s back in such 
a way that the heels of your hand lie just below 
an imaginary line between his armpits. With the 
tips of your thumbs just touching, spread your 
fingers downward (Illustration B). 


For the COMPRESSION PHASE 
(Hlustration C), rock forward until your arms 
are approximately vertical, and allow the weight 
of. the upper part of your body to exert a slow, 
steady, even, downward pressure. This forces air 
out of the victim’s lungs. Your elbows should be 
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OPERATORS © 
~ HANDS 


Coe i’ = OPERATOR'S 
OPERATOR'S. gaa 
LEFT KNEE ~ a ae 
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. ror CR) position OF suesect 


- . “Réck” Poe ; 
- Until ‘Arms.are . “\¢. 
*- About, Neri. 


To Begin. ‘Bock-Pressue- om 

_ Arm=Lift Method Place fy 

- "Hands on, Victims: "Bock 
_, aS: Shown. 


_ (G)..COMPRESSION PHASE > 


: a) 
‘< cot eae A ey oa re ye 
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Le “Rock: Bidtiwords: 
“. = + Keéping Your. rite 
. sent Repeat: Cycle, - 


" Grasp Victims 
Arms Slightly. 
‘Above’ Elbows. 


® POSITION-FOR. EXPANSION PHASE | © «*: ‘G) EXPANSION’ PHASE. 
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Figure 16-7,—Back-pressiire arm-lift method, 
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kept straight and fice pressure ‘ ‘Should: be excited 


almost-directli downward on: ‘the. back. 

For the. EXPANSION PHASE, ‘(llustrations 
D and E), releiise the: pressure avoiding a fi nal 
thrust, and. commence: to rock slowly. backward. 
’ Place your hand. upon. the victim's .arfns, just 
above: his:elbows (Illustration D). Draw his arms 
“upward and toward “You (Illustration E), but 
‘apply. just. enough. ‘lift to -féel resistance and 
tension. at the victim’ s shouldérs., Do. not. bend 
‘ your elbows.as you. rock backward. Then, lower 
the victim's: arths to the ground. This completes 
the fall: cycle. The: arm lift expands-the chest i by 


pulling on the chest: muscles, arching ‘the. back, ‘ 


and -teliéving the weight on.the ‘chest. 
_, The cycle should ‘be: repeated: approximately 
_ 42 times. per ‘minute at a steady, uniform. rate. 


--The’ compression. phase. should ‘take © 


" approximately. the same time as the ‘expansion, 
phase, with release. periods ‘of minimum 
duration. The Whole process ‘should ‘be 


continued’ withoat: ‘interruption wntil- thie’ victim - - 


tis: revived: If: possiblesnothing. should” be: allowed 
to interfere with: proper: and. tythmic motions, . 


: If a dry bianket is. available, Slide it under , 
_ the victim without interrupting. the respiration. 


"cycles. This may be accomplished easily with the 


_aid of an. assistant. Cover the victim loosely-by 


wtapping the ‘ends of. the ‘blanket around. him. 
_ Between cycles, also. ‘Joosen. all tight. clothing 
Such aé belts and collars. ~~. 

Do ‘not give up hope. Continue ‘to. ‘apply 
artificial, respiration until the victim begins to 


breathe regularly. Scmetinits, as much as eight. 

hours. of continuous artificial. respitation « sis... 
necessary to -restore regular. breathing. a 
. *, Remember, 


only. a doctor is qualified: to 
‘pronounce death under circumstances. requiring 


- artificial, respiration. ‘A -revived .pérson may - 


“suddealy. stop breathing and additional. 
. respiration. may ‘be required, For this. reason, he 
must. .be : ‘carefully: watched. Never leave a 


resuscitated person ‘alone until ‘you are ‘certain . 


that he is fully conscious and breathing 
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Any fire. is a potential source of disaster. In 


electrical fifes, the following procedures Should 
be opeeryed 


v & 


a, Beene circuit for the affected 
_ equipment. Every radio- transmitter has 
an EMERGENCY OFF switch that 
removes all power from equipment. In 
addition to local power switches on 
equipment, the power supply to all 

_ transmitters and receivers, converters, 


and teletypes can also be secured at : 


power distribution panels, : 

Spread -the alarm. Ashore, call the fire 
department. Aboard ship, use the phone 
or intercom. If available. send another 


person,to sound the alarm in accordance , 


-with-ship’s fire’ bill. * 
c. Secure. yentilation. Turn. off blowers; 


close doors. . 
d. .Report fire to the OOD By telephone or 
e “messenger. 
e. Attack fire with equipment available in 


immediate vicinity, such, as portable 
1.5-po,und CO2. (carbon mioxidey 
extinguishets. J 


When extinguishing an ce teetiieal: fire, 


remember that quick action jis required only to, 


deenergize the circuit. When.this action has” been 
taken, STOP! LOOK! THINK! The use of CO: 
fire extinghishers. directed at. the base of, the 


flame .is always best for all electrical, fires. 
Because carbon dioxide is.a dry, noncorrosive, 


inert: gas, ‘it: will not damage’ électrical 
equipment. And, because it” is a,nonconductor. of 
electricity, it can be used: safely i in fighting fires 
that otherwise would present the 3 additional 
hazard, of electrit shock. 


oo ‘PORTABLE FIRE 


EXTINGUISHERS 


"Some portable 1S-pound carbon tlioxide fire 
extinguishers have a squeeze-grip style: release 
valve that is operated by a’simple hand 


on 


oe 
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squeeze-grip. Others have a. release valve _ 


operated by a handwheel at the top. Both valves 
have a locking pin to prevent unintentional 


discharge of the carbon dioxide. To opéiate, 


pheeie the f ollowing steps. 


. a. Carry. fire extinguisher in an ispright 


position, and approach fire as closely as 
_ heat oe (Keep cael erect 


.-qualities thatmake carbon dioxide a 
extinguishing agent. also-make it dan 
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while’ using -it.. Begause of its 
- Constructiori,-it Should. not be laid on its 
~Sidé.) | Pees | -— 
- Remove.locking'pin from valve. 
Grasp nozzle horn by its- handle. (It ‘is. 
insulated to protect your hand ‘from ~ 
. “extreme cold of discharging carbon” 
dioxide?) See lark Pie 
Open valve by-turning valve wheel to left” 
* (or, squeeze release Jever), thus opening 
valve and releasing: carbon dioxide. At. 
"the same time direct the flow toward:the 
. “base of the. fire. Move Horn-slowly from — 
.” "side ‘to side, and follow flames. upward as 
‘v they recede, « 2 
-Glose valve as soon as conditions permit. 
and’ continue to open and close it as 
‘necessary,. The firefighter may shut off 
" handwheel-type’ valve for brief intervals 
. Without appreciable loss. of carbon’ 
dioxide. But: once -valve' séal- is-brokei, ° 
‘carbon: dioxide. will leak away_in 10 
minutes or so:. ‘The squeezé-grip* typé « 
*: likewise may be-turned'off. while in‘use, * 
"but. it’ will. hold contents indefinitely. . 


: 


Operation; the 1$-pourid: cylinder of 
either type will expéhd its contents iit : 
*about 40. seconds. co po 
The discharge should-not be:stopped too ° 
soon. When flame is extinguishéd, coat 
_ entire surface engaged in fire with 
carbon dioxide. sn 
“reflash. 


: Pra 

The firefighter. must be warried that-thé very » 
desirable: 

gerous ‘to 
life if the: compartment should, become filled _ 


with-jt. Certainly, when it. replaces oxygen.in,the 


» Consequently, when usin 


air to the extent that. combustion-cannot. be . 


sustaited, bréathing cannot be sustained.either. : 
Radio-rovms do not have’ CO? systems for total. 
‘flooding ‘such as thosé. installed .in uninhabitéd 
spaces ‘used for gasoline ‘and paint stowage. . 
g 15-pound-portable. 
fire extinguishers, the firefighter usually, does, _ 
not have to consider the possibility of Harm, ‘to 


personnel.. Because carbon didxide: is heavier *, .- 
’ than air, it-does not rise, but remains in-a pool 


*.close-'to- ‘the ‘deck. The. quantity of gas released 
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» without leakage, In continuous. ~ 


ow inorder to prevent _ 
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from one—or severdl—of', these extinguishers ‘is 
insufficient to.reduce. bélow a _daagerous 
ininimuny the total Oxygen. content of the-air in 


‘ 


’ "a compartinent: _ i 
Afyone using a carbon dioxide extinguisher 
should be warned that snow:blisters the skin ‘and 
‘causes painful burns-if allowed to-remain. oti. the « , 
“skin. ee oe agen od 
_ » Ifall efforts with carbon dioxide fail to-put 
‘out @ fire, fresh water applied. with a fog. 
‘applicator may bé used. Because of the fine . 
diffusion of its ‘particles, fog reduces “but does 
‘not entirely remeve danger of electric shock. 

“In cable fires in which the inner layers of. 
insulation, (or: insulation covered by armor) 
support combustion, the, only positive method ° 
of preventing the fire from.running the length of 

_ the cable isto cut the cable after it: is. 
deenergized, ‘and’ separate the ‘wo ends. This 
Preventive.action should be accomplished only 
with well-insulated tools,.such.as 

: ‘wooden-handled. fire: axes or insulated pliers. 
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‘BURNS. +, 
‘- Burns and scalds are caused by. exposure’ to 
‘, intense heat, such as: that“ generated by fire, 
bomb flash, sunlight, hot solids, hot gases, and 
hot liquids. Contact with electric currént also 
causes:burns, particularly if-the skin.is dry.,(Dry 
skin offers about 20 timeszmore resistance than. 
“moist skin to the passagé of electric current: 
When the skin is dry, therefore, loéat heating. . 
effects (burns) are greater,.éven-though total 1. 
_ damage ‘to the body. is less than when thé skin is 
wet.) = . 22g! gt 
_It'should be noted that burns and scalds are 
essentially the same typeof heat injury. When 
injury is-caused by dry ‘heat, it is called a. burn; 
when caused by~moist heat, it is called a scald: . 
Treatment is the same in Both cases:. 7 
Classification 6f burns: Burns are classified 
-. in several ways—by fhe extent of the burned 
surface, by the depth of the buin, -and by the. 
cause of the -burn. Of these~categories, the - 
extent of body surface burned is the principal 
. factor in determining seriousness of the: burn,.. 
and also:plays the greatest role -in the casualty’s 
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charices-for survival: 
Shock can be expected in adults. with burns 
of.over 15 percent: in small children, with-burns 
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of over Jo percent of body suitaees area. In 
adults, burns ta more than 20 percent cf the 


bady endanger life. Usually 30-percent-burns are _ 


fatal if apeg uate medical treatment is net 
“received. 


The depth of injury to ‘the tissues is spékeh | 


_ of in degrees, First-degree burns are the mildest, 
producing redness, increased warmth, 


‘tenderness, and mild pain. Second-degree burns 
redden and blister the skin and are characterized. 


_, by severe pain. Third-degree burns destroy the 
skin and may destroy: muscle tissue and’ bone in 
severe cases. Severe pain may be, absent: because 
nervé endings have been destroyed. The color 
may vary from -white and liféless (scalds) to 
black (charred). oo 

Always remember that the size of i a bumed 
area may be far more significant than ‘the: depth 
of a-burn. A fi rst-degree or second-degree burn 
that cover’ a large area.of the body usually is 
more serious than a small third-degree bum. A 
first- -degree sunburn, for. example, can cause 
death if a large area.of, the‘body.is bummed.’ * 

In general, the causes, of ‘burns are Classified 
as tiermal - (heat) or chemical, or as resulting. 

from sunburn, électric shock, or radiation. 
Whatever the cause of the -bum, shock always 
Pesults if the burns: are: extensive. 

¥ 

Treatinent of Bums_ ss 

and Scalds ‘ _ . & 
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First aid for all burns consists of the 

following main items: (1)relieye pain;(2).prevent 
or treat shock, and. (3) prevent:infection. 
: In electric shock; the burn may have.to be 
; temporarily ignored. while resuscitative measyres 
aré carried out. Otherwise the treatment is the 
same as for-heat burns. . 

Locat treatment for chemical bums varies, 
depending on the causative agent. “Chemical 
burns are. discussed ‘more fully Jater in this 
; _ chapter. 

. Ice water treatment: Clean water and i ice are 
riot always. available, but when they’ are, ice 
watér (as an. -e mergency measure) provides 
immediate relief: from pain and also.seems to 


Jessen the damaging.effects of burns. For. burns ; 


‘Sffecting less than 20: percent of the body, 
. immerse the ‘bumed part in,ice water or, where 
immersion is not practical, Tepeatedly. apply 


a 


: : 
ice- -cold moist towels to the burned area 
Treatment should be continued until no. pain is 
felt when the:burned.area is withdrawn fromthe _ 
water. This treatment may last from 30 minutes 
to as long , as 5 hours. 
hexachlorophene should be added to the water 
to destroy bacteria. After the ice water 
treatment, the regular treatment for burns 
should follow ( discussed” later). 

‘Relief of pain: Simple first-degree burns 
that do not cover a large body-area may require 
no more than one or two aspirin tablets to 
Telieve discomfort. Severe bums cause extreme 
pain, which contributes to- the severity of shock. 
A person who. has. suffered extensive burns may 
bé given not more than %. grain of morphine to 
relieve the pain. The injection site should be 
massaged for a few minutes to help circulate the 
morphine. (CAUTION: The casualty may have 
other injuries: Do not. give morphine to any 
‘person. who has:a head injury, chest injury, or 
who is in deep.shock, even if lie is. suffering from 
extensive burns.): - ‘+ 

Treatment for shook: “Any person who lias 
been seriously burned must be treated for shock 
immediately. Serioys shock always accompanies , 
an extensive burn, nd jis, in fact, the most 
dangerous consequenc ‘of, the injury. Start the 
treatment for. shock before: ‘aking. any-attempt 
to treat the burn-itself. 

Relieving: the casualty’s pain is, of course, an 


“important part of the treatment for shock. After 


easing. his: suffering, place him in a position so 
that his head is lower than his feet. Make sure 
that he is warm enough; do not remove, his 
clothing. immediately. Remember that exposure 
to cold will cause shock to become worse, but | 
do not ovértieat® him. — . 

In' burn casés; an ‘exception must be made to 
the rule of withholding liquids from a patient. A 
seriously burned person -has an overwhelming 
need for liquids; and administering, liquids in 
such: cases.is an indispensable part of treatment 
for sliock caused by burns. Give small amounts 
of sweetened tea, fruit juice, or sugar water, if 
the casualty has..no internal injuries, *s 
conscious, and is able to. swallow. _ 

Prevention of infection: Second: and 
third-degree burns are, in effect, open wounds 
and .must be covered to reduce possibility of 
infection. Every effort must be made to use a 
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_ stérile covering, but makeshift wrappings eee as 
clean sheets and freshly laundéred towels may 


be: ‘used. . — 


 Oiritments arid other medicines must never 
be ‘put on the burn wound. Using these agents 


_ may mtrake later treatment ty a physician 


z 


difficult or impossible. * 


iDo not open any blisters. Do not cough-or 


sneéze near the casualty. If possible, keep-a 
piete of sterile gauze over your mouth and nose 


while you .are working near -the burn victim. 


’ Contamination by micro-organisms from the 


mouth and nose is a.frequent cause of serious 
(and: possibly fatal) burn infections. 


Treatment: If thie casualty’ is to receive 
medical attention soon, do nothing more than 
relieve: his: pain, treat for shock, and gover the 
burri with a sterile wrapping or clean sheet or 
towel. Do not attempt’ treatment of the burn 
wound itself. 

\ If more than 3 hours may elapse before’ the 
services ‘of a physician can be obtained, you 
should dress. the burn. First remove the 


-castjalty’s clothing from around and over the 


burned area, preferably by cutting it away. Be 
especially careful not to cause-further i ‘injury. If 
clothing. sticks to the burn wound, do not 
attempt to pull it loose. Merely cut around fhe 
part that sticks, and leave it in place. If. any 
material such as wax, metal, dirt, grease, or tar 
adheres to the burn, do not try’ to remove it-Do 


_ nét allow absorbent cotton, powder, adhesive 


tape, or other substances that: might cling to-the 
buin to come in contact. with the burn. Never 
apply iodine or any other antiseptics.on a burn. 
When you have cleared away as much.of the 
clothing as you cari, dress the burn. Apply a 
single Jayer of sterile. fine-mesh petrolatum 
gauze over ‘the burn wound, oéginning at the 
. outside of the -burn ‘wound and working toward 


., the center i in a circular manner. Next, place 


bulky fluffs of pauze over the’ burn, with a large 
padded dressing as the outer Jayer. Wrap gauze 
strips smoothly and gently around the dressing.- 
The- bandage should give light, even pressure and 
immobilize the injured part. Once the bandage is 


; applied, it should ‘be- left. alone. Leave it in place 
" until the casualty- receives medical care., 


Burns of tthe eye: Burns: of the eye require 
special attention. If they are true heat bums, — 
caused by exposure to steam,.bomb flash, 
welding: arc, or anyother source of intense heat, 
treat them as follows: . 


a. -Put a few drops of clean mineral oil or’ 
olive oil into eaclreye. 

b. Cover each eye with a small, thick. 
compress, and fasten the. compress in 
place with a bandage or-an eyeshield. 

c. Make sure that the casualty does not rub 
his eyes. 

d. Get medical attention for the casualty as 
soon as possible. . 
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RECEIVER R- 390A /URR OPERATING PROCEDURES ive 


oh 
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Haphazard. operation or improper. settings of 


receiver ‘controls: ‘can result in poor reception. It 
is important, therefore, to know the function of 
every control. The front, panel of a Receiver 


descriptions of. switches and. controls, 


‘R:390A/URR is shown in figure Al-1. Refer to _ 
figure Al-1 when studying the following, 


a Function swicch: The figictign adic. 


serves several purposes: It has a number of 


* positions, each of which is discussed. Its OFF 


position (self-explanatory) simply. turns off 
power to the receiver. 

When the function switch -is in- STANDBY 
position, filament~supply yoltagés are energized, 
but plate supply voltages are not applied to the 
tubes. This condition: readies the receiver for 
instant use without a long warmup time. 

‘The abbreviation AGC stans for automatic 
gain control. Placing” the functi switch in the 
AGC’ position activates the circuitry, which 
automatically adjusts the RF and.I-F amplifier 
gain to compensate for. variations:in the level of 
the incoming signal. In connection with the 
AGE function, notice that the AGC ‘switch, at 
the top of the panel has three positions marked 


SLOW, MEDIUM, and FAST, This AGC, switch. 


adjusts - the rate at which the’ AGC circuitry 
responds to a -change in the signal level, The. 
correct position of :the AGC’ switch depends on 
the type of. signal received.- ™ 

The ane MGC stands for manual 
gain contrel. When the function:switch is in the 
MGC position, the AGC circuitry is not 
activated, and the gain is controlled manually by 
means of the RF gain contrci. 

‘When the function switch is in the: calibrate 
(CAL) position, a ‘Stable crystal oscillator 
introduces a- signal at the input circuitry of the 


° 
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receiver. This signal allows the operator to 
calibrate his receiver: that is, to ascertain that 
the reading of the. tuning dial corresponds-to-the * 
frequency received. The calibration circuitry: of. 
‘the R-390A permits the operatdi:to calibrate the 
receiver at each 100-kHz point throughout the 
tuning range of the receiver. In-connection with 
calibration, notice the ZERO'‘ADJ knob-near the. 
‘frequency. dial. When turned clockwise, this 
knob disengages the frequency indivator from 
thé KILOCYCLE CHANGE tuning control. The 
calibration procedure consists, epson tally ofthe . 
-following steps: ae 


1. Tune the receiver to a point where 


So. 


’ the frequency indicator dial shows an exact 


multipleof 100 kHz. -‘+ <# 
~ 2.. Tum the ZERO ADJ knob clockwise 
“to disengage the tuning controls from. the 
frequency indicator. ‘ a 
3. With the function switch in. ‘the CAL 
position, turn the KILOCYCLE CHANGE 


_ control to. give the maximum response to the 


calibratidn signal. +. 


ae 


4. Turn the ZERO “ADS knob 
counterclockwise to reengage the tuning control 


to the frequency | indicator. +s) 


© ee 


b. Tuning controls: Two front panel knobs 
provide: ‘the, tuning controt of the R-390A. They 


” are the MEGACYCLE CHANGE knob and-the 


KILOCYCLE CHANGE knob. .The MEGACYCLE ° 
CHANGE knob selects any !-mHz- bandwidth of 
the tuning range..Tuming this knob changes. the 
teading of the first two digits of, the frequency 
indicator. The KILOCYCLE ‘CHANGE: knob ° 
tunes the receiver to any desired . frequency 
within. the megahertz, band selected by the 
MEGACYCLE CHANGE eantton, The last three 
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_ PHONES 


; ‘ 3 , "Figure A1-1.Fron 
a #, &, digits*of the frequency indicator dial provide the 
2 fs kilohertz reading. The tuning controls actually 
‘e+ _ adjust the tuning circuits in.the RF stages and-in 


~ the local. oscillator in-ordér to’ select the desired 
re Station frequency and to ‘provide: simultaneously . 
ft. the desired I-F signal to the L-F portion of the 
receiver. The DIAL LOCK knob: is associated 
‘ with the tuning controls. This knob locks the 


KILOCYCLE CHANGE control so that the - 


.frequéncy setting will not, be changed 
‘ accidentally. ae Pig 


‘§  .-¢. Bandwidth control: Sgnie transmissions 

‘ use narrower bandwidths in the RF spectrum 

than: others. Receivers are therefore provided 

with a control that allows the operator to adjust 

the pass band of the receiver so that only the 

: desired bandwidth is received. On the R-3 f 

. . receiver, this control is :achieved by th 
- BANDWIDTH: KC switch. It adjusts the tuned 
; circuits of the I-F portion. of the receiver, 
‘thereby controlling receiver selectivity. Proper 

= adjustment of this control helps to eliminate 
, noise and interfering signals. If ‘the bandwidth is 
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set too nafrow, part, of the incoming signal will, 
of course, be lost: . 

d. Beat* frequency oscillator: Some radio 
transmissions, such as Morse telegraphy.‘and FSK 
teletype contain no audio frequency 


‘information’ when: they are ‘received, The 


R-390A is equipped. with a Beat Frequency. 


Oscillator. (BFO):to produce an audible output.if ‘ , 
Tequired. The BFO. is activated by’ the BFO 
On-Off switch andthe pitch of the audio output _ 
_ can-be adjusted-by the-BFO Pitch Knob. ° > - 


e. Gain control: The R-390A has three 
front panel gain. controls. The.RF:GAIN control 
permits ‘manual adjustment of the, gain of the 
RF and I-F sections of the receiver. The LOCAL . 
GAIN and LINE GAIN knobs control the gain 
of the a-f circuits. The LOCAL GAIN controls 


adjust the level of the output to the. phone.jack. _ 


The LINE GAIN controls the.level of the audio 
output uséd to operate terminal equipment. , 


f. Antenna trimmer: The .front panel 
control labeled ANT TRIM adjusts the input 


-Circuit in such a manner that optimum coupling 
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from the. sina ‘o the receiver.can be achieved 
at-each- frequency. 

g. Audio response: The AUDIO 
RESPONSE control,. which adjusts the 
bandwidth . of the audio circuits, has two 
settings: SHARP and. WIDE. The setting of this 
control depends on the type of signal received. 

h, Limifer: When the control labeled 


LIMITER is: -activated, the operator can. control - 


the amplitude >of the audio output circuits to 
predetermined limits. The: setting of the limiter 
control -depends-on the type | of signals received. 
A low setting:of. the control, for example, would 
be desirable ‘to, prevent joud crashes of static in 


the output. when-monitoring voice signals..If the . 


received .signal is. fsk-modulated, it- may be 


desirable to remove all amplitude variations by ° 


using a high :setting on. the LIMITER control. 


For many types of teception, however, the. 


LIMITER should-nat be activated. 

o i, Break-in: The ON-OFF switch labeled 
BREAK IN is used when a ‘receiver and 
transmitter are operated: together as.a radio:set. 
In the ON position, circuits are.. activated for 
removing.the antenna from: the receiver ‘and for 
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grounding the antenna and ‘receiver audio 
circuits whenever the transmitter is energized. 

j. Indicators: Three indicators are mounted 
on the front panel of the R-390A. The 
frequency indicator dial. indicates the ‘frequency 
to which the receiver.is tuned. This dial is of the 
digital-counter dype, which permits frequency to 


be read directly with little chance of misreading. 


THE CARRIER LEVEL indicatorsa meter 
measures the level of the RF signal appearing at 
the input of the receiver. The operator will find 
this meter valuable in tuning to the exact 
frequency that gives the strongest signal. It is 
also uséd to indicate proper adjustment of the 
antenna trimmer. The indicator labeled LINE 
LEVEL monitors the level of the line audio out 
used to drive the- terminal equipment. This 
meter is placed across the output circuit by the 
LINE METER switch. The three available values 


' of meter’ sensitivity (voltage required for 


full-scale deflection) are determined by the 
setting of the LINE METER switch. This meter 


‘is- valuable in maintaining, the proper output 


level when making tape recordings. 
+ ’ 
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CONVERTER COMPARATOR GROUP AN/URA-I7¢ 
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All: controls: normally. used iit: operation 
are located on. the front panels. of the two 
identical convertors (figure A2-1). Table A2-1 


lists all operator’s controls by name and. 


function. Other controls are to be adjusted only 
_ by a.maintenance technician. , 


The operator has.a choice of two modes of 
operation: QQ) single-receiver operation Or, (2) 
diversity opération. ° 

~ Ascertain. if equipment is .connected for 
single or; diversity. receiver operation. Allow the 
associated receivers. anid teletype printer(s) to 


warm up. Turn the converter POWER switches 


to the ON (up) position. and. allow a five: ‘minute 
wana period. - 

“ Proper tuning of the receivers. feeding the 
converters is important. Good communications 


“FUNCTION 


switches © On. 


OPERATING PROCEDURES 


are often the result of properly tuned receiver. 
_ Each converter has a small oscilloscope mounted 
‘in the front whith supplies the operator with a 
visual presentation of the input signal into the 
converter. The scope pattems for correct and 
incorrect tuning are shown in. figure A2-2. 
Following is a step by step summary of. 
operating procedures for. single receiver 
operation . and diversity’ operation. 


¢ “ 


‘ Single-Receiver Operation.— 


u? 


1. Turn receiver and teletype printer power. 


2. Set converter controls:as follows: 
a. POWER switch to ON.~ 
"ae , >. FUNCTION switch to TUNE. 


* poLaRity 
SWITCH 


POWER - 
» SWITCH 


“SPEED 


SHIFT FU . 
es “SWITCH = SWITCH - * ( SWITCH FusES © 
° = <3 oe : i “ ¢ / > a . as 60.77 
_ Figure A2-1.-AN/URA-17 frequency-shift converter, front panel eontrols. rn 


oe 
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Table A2-1 Frequency shift converter CV-483C/URA-17 operating controls me 
_ POSITION A dete: FUNCTION 


r : “Variable, _ djust signal 1 -the di iminator. | ° 
aoe & - 0 to 10° a2 . 


NARROW * Sel ects the narrow input: filter and 
; discriminator (10 to 200 cps shift width). 


WIDE Selects. the wide input filter and 
\ ‘discriminator (200 to 1000 cps aenift width). _ 


_ SINGLE <= Used’ for single-receiver. operation. 


_ TUNE \ Used when tuning the receiver (removes 
. the input Signal from teletype Prana): 


~ DIVERSITY ns for diversity. operation, 
Me , . NORMAL ; ‘Used when keying pulses.‘ ‘are of ‘normal - 
‘ ee pol rity. 
. POLARITY |° se 
‘ REVERSE Used when keying. pulses are of reversed 
. . reer 
Used for’ al “speed keying signals. 


Used for low shat keying- Note 


31.173 
c. POLARITY switch to NORMAL. indicat (If two receiver tuning positions — 

. d. LEVEL control:to 3. occur, use tronger ) 
e. SHIFT switch to WIDE (for. aaiuiat receiver audio output to 60 

et wide-shift: signals), or to NARROW. (for seine 
" ~ narrow-shift signals). . 4, Set cdgverter SPEED switch to SLOW 
for single-chane teletype signals or to FAST 
3. Set receiver controls as follows: for four-channel, 


aa multiplex. 
etreceiver_bfo_to_I_kc for. 5. -Adjust—converter LEVEL control until 
natrow-shift signals or to 2.0 ke for wide-shift pattern fills space between upper and lower 
signals. - _ horizontal lines on crt.\ - 
b Tune receiver to desired rf: signal. ‘ 6. Set converter 
- c. Sét receiver bandwidth to | SINGLE. 
approximately 3 ke for wide-shift signals: or to 
approximately 800 cps for narrow-shift signals. ; 
- dd. Tune..receiver for strongest ; NOTE 
‘beat-note. os , * : . 5 dh as ‘ 
, ,@ Tune receiver for symntetrical, If teletype printer is printing garbled copy, ? 
vertically: centered pattern on converter tuning set converter POLARITY switch to REVERSE. 


2 


UNCTION switch to 


‘ 


aa 324 “3 


. 
« * a oe 


_ CORRECT TUNING ” 


CONTINUOUS MARK 


CONTINUOUS SPACE 


e 


TO SECURE. 
Turn converter POWER switch-to Off. 
Diversity phenol - 


> 


-1, Tien receiver and teletype printer power 
switches to On. 
2. Set controls on one converter as follows:, 

a. POWER switch to On. 

b. FUNCTION switch to TUNE. 

’ —¢. POLARITY switch to NORMAL. 
‘  d. LEVEL control to 3. ; 

e. SHIFT switch to WIDE*for - 
wide-shift signals or to NARROW for 
narrow-shiftsignals. = 

3. Adjust associated Teceiver controls as 
follows: 

a. SET receiver bfo to 1 ke for 
narrow-shift-signals or to 2.0 ke for wide-shift 
signals. If receiver has agc switch, turn on. 

b. Tune receiver to desired rf signal. 

c. Set, receiver bandwidth to 
approximately 3 kc for wide-shift signals or to 
approximately 800 cps for narrow-shift signals. 

d. Tune receiver for strongest 
beat-note. 

e. Tune receiver for symmetrical, 
vertically centered pattern on converter tuning 
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Figure A2-2.—Monitor oscilloscope patterns for Frequency-shift converters. 
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indicator. (If two receiver tuning: positions 
occur, use stronger.) 

re: Adjust receiver audio- eutput to 60: e. 
milliwatts. 

4.Set converter SPEED- switch to SLOW 
for single-channel teletype signals or to FAST | 
for four-channel, time-division multiplex. 

5. Adjust converter LEVEL control until 
pattern fills space between upper and lower 
horizontal lines on crt. 

6..Set converter Sunn switch to 


; Perse: 


a 


a NOTE 


If teletype printer is printing garbled copy, 
set converter POLARITY switch to REVERSE. 


7. Set FUNCTION switch: to TUNE. m4 
8. Repeat steps 2 through 6 for cond ne 
conyerter. é 

9. If teletype printer is printing garbled 
copy, set converter POLARITY switch to 


_ REVERSE. 


10. Set FUNCTION switch of first converter - 
to DIVERSITY. To secure turn power switches : 
of both converters to OFF.. 
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AMERICAN STANDARD CODE FOR. INFORMATION 
: INTERCHANGE (ASCH) 
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"Modern technology has led to the 
improvement of telecommunication capabilities 


in many areas, thus improving the quality ‘and 


speed of, communications. Throughout ‘this 


" manual we- discussed the concept and objectives 
' of su.ne’ automated systems and data 


transmissions. To acconfplish data transmissions 


a-new: ‘code was needed. because of the specific” 


lishitations to the teletypewriter 5-unit code. 


The ASCII Code was developed: for data 
transniission-and Provides for additional, symbols 
and’ also parity “checking (ertor detcction) of 


transmitted data. (Refer to ‘Chapter 9 .of this 


manual for more details on the ASCII Code). 
Figure’ A3-1 illustrates the ASCII code and a 


‘legend of characters listed in columns O-and 1. 


The discussion that follows applies to ASCII 
control -as they: ad to Model 40: Data 
Terminals. 7 ‘ 


"MODEL 40 DATA TERMINALS 
ON-LINE TERMINAL CONTROLS 


Recon of ASCII Contiois 


. 4 
5 


Receipt of, the following ASCII controls - 


cause the following actions:to be performed: 
° 7 ° . 
.ETX: (End of Text)—Displays symbol Ex 
and switches terminal from receiving mode to 
local mode, unless option elected not to. Also 


feeds out. 16 blank lines of paper from printer, if 


option elected. Recciver-only printer terminal 
feeds paper only. : 


EOT (End of Transmission)— Displays 
symbol ET and switches terminal from: Teceiving , 
mode .to local mode,. unless option elected not 
to. Ignored’ by receive only printer terminal. 


BEL (Bell)—Displays symbol By and causes 


- beep sound. 


’ ’ 


> 


“BS (Back Space)— Moves cursor left, one 
character. ; 


HT (Horizontal Tab)— Displays symbol » 
and moves cursor to fitst tab stop-on right, if 
equipped. with tab control feature. If there is no 
tab setting on. Tight, cursor moves to start of 
next line. If there-is protected data en route the 
cursor stops instead at first unprotected ~ 
character following protected data, whether on 
that line or next line: If not equipped with tab 


.control feature, the cursor moves one character 


to the right after displaying >. 


& 


é 
_ NL an Line)—Displays saber = and 
moves cursor to start of néxt line, and causes 
printer to print next character at start of next 


-line. Also scrolls display up on line if cursor was 


on last. line‘on screen. 


» 


VT (Vertical Tab)—Displays symbol VT and- 


‘causes printer to ad next character at start of 


next line, 


FF (Form Feed) Displays symbol FF and 


‘switches terminal from receiving mode to local 


mode, unless option elected not to. Causes 
printer to prinf next character at start of fiext 
line. . : . . A 


- 
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ae ad ae Figure A3-1.—American. Standard Code for Information Interchange ( ASCII); _ fo . 
ot, LEGEND ' = 
2 , } : . . ‘ 
ae NUL... NULL/IDLE. Acharacter’ which may be inserted into or removed from a stream of data without affecting 


; -- © the. information content of that stréam. Some- transmission systems may not be able to accept the use of 
i this ‘charactor. . 
SOH,..” START OF HEADING. A transmission control character used at the: bagating of a sequence of. characters 
> which comprise a eos sense address or routing pntocneaban:. Such. a sequence is referred toasthe . 
heading: : . 
STX... START OF TEXT. A Sepnrddion control character which cities a sequence of chatacters that j is to’ be 
. " treated as an entity and entirely tranimitted through to- the ultimate destination, Such a sequence is, 
referred to af text. . , ; 


ETX... END OF TEXT. A transmission control character used to terminate a sequence of rsearectes started with 
- + STX and transmitted as an: entity, ‘ . 


ERIC. 
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sender. 
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_ DEVICE CONTROLS, . . _o ie te 


END OF TRANSMISSION. A franamission control character. sede to indicate’ ‘the ‘end of. transmission, 
- Fm te 


ENQUIRY, A tranarision cine character reserved for ute.in data communication systems as a request . 
for.a response from# a remote station, The response may include station identification and/or station, status, 


, . 
, . , 


ACKNOWLEDGE. A transmission control charactet transmitted by a. receiver as. * ‘positive sponse toa 


ne - 

we are 
wee 

Mee ag. 


. 


A ‘paractes for use when there. -is a. need. to all fot human attention; : may. coritrol alarm 0 or attention | 


vie ‘ oo« ae . 
devices. - oo ee ofa ey ca + 4 8 
: : Kat eee ; ‘ eae : F , # He 
a 


BACKSPACE. A-tayout character which controls the movement, of the printing position one. printirig space. 
backward on the same printing, jine. 2 ta st = ; we “, 
HORIZONTAL TABU LATION: A layout character which: coityoke the miovément ten the printing position 
to the. next in a series of predetermined Positions: along the: printing line. , 


£ 


LINE FEED. A layout character which, sonia the movement tof the printing position » woitte nexttline. | 


ian 


* 


VERTICAL TABU LATION: A.layout chiviactar ich: contol the movernent. of the printing positon to .. 


the next of a series of: predetstminsd printing | lines, ‘s Cong ene «, 


FORM FEED: A: layout Character. which controls: ‘the movement of the printing position to. the fist’ 
predetermined printing, line on the next form. . 7 : 
CARRIAGE RETURN. A Jevousbioharacier: which’ controls the moverrient of the pining p ee io- the 
first: ‘printing position on the same painting line. an al : oP 
SHIFT OUT. “The shift. -out character means that all the cote combinations which follow shall be 
interpreted as outside of the charagter' sat af the standard code table until a shift-in character isteached:- 
SHIFT-IN. The shift-in. character: ‘means that: ali the code combinations which follow shall be inesrprated 
‘according tor ‘the standardcodetable. = : af tS 


2c. o 
. & 


DATA. LINK ‘ESCAPE. A transmission pain character which will changs the meaning of ‘the following 
"code combination(s). it is used exclusively: tO provide nrerneney control in data transmission 


networks. ” . > 


3 we 


NEGATIVE. ACKNOWLEDGE. A transmission control: character transmitted by a receiver as a negative 
rasponse to the, sender. es toe = 


« 
- 


SYNCHRONOUS IDLE. A transmission control sina used ‘by @ synchronous transmission system in. 
the absence of .any other character (condition.to provide a signal from mee synchronism may ‘be. achieved 


“or retained). 
END OF TRANSMISSION BLOCK. A transmission control! character used" to indicate the aid ofa block . 


of deta for transmission purposes. ___ 


CANCEL. A character used to indicate that the. data with which . it: is swodiatad is in error or isto be — 
, disregercied. . sid ees . 


ge, 
— B50 —— 
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Oo ae 1S ae a INFORMATION SEPARATOR. There are: four ‘information separators (FS, GS, RS, US): which have a 


EM... END OF - MEDIUM. A er charactér which may-be used to o identity the ptiysical end of. the aapuane or. o> 
. "the end of the used, _Or wanted, portion of- information. recorded.on 2 medium. The position of this . 
character does, not necessarily coriespond to the physical’ end of the; medium.’ : ees 
SS... START OF SPECIAL. SEQUENCE. A chuacactit which is- ised to indicate the start ofa variable length 
sequence of. characters which have- special significance. or which are-to receive ai Haneliog. ‘This ss. 
may be used for transmission ‘control purposes. . ' : 
~ ESC’... ESCAPE. ‘K functional - -character aa indy be used’ for. an. extaniiot of the standard character set of the 
“Code: ‘by changing. the meaning of-the next single following code combination. The- precise-meaning of this. 
; following ‘character - “requires ‘priot agreement betweeh the sender, and the recipient’ of the data,’ The... 
” “ESCAPE”: character, itself‘may therefore be-regarded as-a warning ot non-locking shift character affecting 
the next single following. character. The: single character. whieh follows “ESCAPE” may be interpreted as a | 
graphic or: contro! character not included i in the standard set. Alternatively~ the meaning of. “tile, single: ° , 


character, may-be''goi into da X and stay i in. it.” . ; 2 
FS. FILE SEPARATOR. (See 1S tor definition a ne ee oe a pM BP 
: a # ao 4 re h 
GS,..<_ GROUP SEPARATOR. (See IS for definition) , Re tus 7 . 2 
. RS... “RECORD SEPARATOR. (see is for diinition ‘ ° : : + 2 7 . s fe a a 7 
US. - UNIT SEPARATOR: (See Is for definition) ia — . a v 


* a ‘ = , . io 


* , hierarchial relationship with each other. They'a are related, as follows: : a t 
- UNIT. SEPARATOR. (us),. RECORD SEPARATOR (RS), GROUP SEPARATOR (G5), sng: FILE, 
SEPARATOR (FS). (FS) is the most powerful separator, A 4 UNIT” cannot tincludé a “FILE”, “GROUP”, 


ae or “RECORD.” eo 8 ae e? 3 oo aa 
. A “RECORD” may etude (so if it inchides, it inelude at comiletay a variable: nuriber: {nono one or 
“e % more) of “UNITS.” ~ . e. : : tee 
A "RECORD" cannot include “BILE” or “GHOUP. ee ae ae as ao ; ee “ 
“ ee) me 2 ; * tee! g . 7 * . . 
A"“GROUP” may include’ tand if “it ‘ictadaa it includes: conipletaly) a variable- number (rove, one or 
ran a of "RECORDS" gadal “UNITS. A A-"GROUP” cannot include a “PILE. “a4 a 
\ A “FILE”, ae include land: if. it includes, ‘it includes compa) variable nismiber (none, one,.or: iors 
\_ * of "GROUPS", “TECORDS", and/or “UNITS.” 7 ; ’ 


Pie “SPACE: A riormalty. non- printing. graphic Nae ‘ised to separate words, It is also a layout character 
'. which controls the movement of the:printing al one Printing, positioni'in the forward direction, 
CR (Carriage Returh)—Dicplay ee + and causes terminal to disconnect’ from line and 
‘arid causes printer to Print next character at —° switches it from. receiving. mode to. local mode. 
start of line, ae. option elected not to. ss -Receive-only, printer terminal disconnects only. , 


“DLE EOT sequence (Data Link Escape, Eid ° GS iGrori ‘Separator)—Displays. symbol Gs 
_ of Tietetieson) VE plays symbols DL and ET ‘and switches terminal from Teceiving mode to | 


5 3m oe -" "399 
é * mn ee 
“ . Fy 


s 


~ y i Z . a 
4 ; + ; oe sg . : — , . a ‘ . ; : . 
- - , : ° 7" ae 7 cues = ee : " . — : : ° * 
a re COMMUNICATIONS. technician 03 & j 
_ focal, mode, unless. option elected not ‘to. BSC 4—Causes characters that # foliow to not 
eee: eared by. receive-only printer terminal. ae be. highlighted. : a oe 
a a ae : - ie - : -_ ESC w- Puts terminal in | protected. date ; 
: ae ~ Receipt of ESC . 8 4 mode, during. which all received’ data: will be’. 
+ (Essie). Sequences ns re ; displayed as protected data, and- ‘during which » 
é “es . . eae "  , *  geceipt of ESC J will cause protected as well as 
a : tg SR unprotected: ‘data to'be cleared. 
L S eaeiet ae the. foltawimg ESC; 
eres (Ese ape)—character. sequences. cause the” wa ESC X-Removes terminal: from “protected 
. “following actions. to ‘be performed, . if the «~ _ data. inode. f° .? es gt 
” terniinal i is $0-equipped and the option j is: elected. - : on 
to. perform. them. Terminals not. equipped ornot — Esc JeCiedrs all cupric | data from all 
elected. to: perform the actions display’ the. _, lines. “below line cursor is on and to the right of 
sequence ‘symbols instead. ss et ‘the. cursor, on’ the’ fine the cursorison. . . 
- ESC 0: (zer0) sequence—Sets. a tab stop and", ESC: R sabuiahce=A dvances display t to first 


. displays | the’ tab ‘symbol. . (a small¥dot at the ‘segment,’ “rioves .cursor to start. of first-line . and 
lower, ieft-hand « ‘comer, of the character- ‘position): clears all data from display. memory, whether 


at: the. cursor location, on that line only, 0. protected orunprotected; and all. tab Hope. 
“BSC 1 sequencéSets: tab: ‘stops and sisclive ' ‘Transmnission of aa a has 
taE ‘symbols at:the cursor Tocation, on that‘line’ ASCII Controls. . 7 agg Re 
.° and. on all lines below; to the ‘énd of. display ~~ 
Anenory, . so co “Transmission of the following’ ASCII - 


‘conirols from the. terminal cause the following 
ESC 2 sequenceClears tab stops: from the , actions to be. perigrnet ‘by the terminal: 


cursor location tothe end of the: line, on that’ > *4 
“line and on ail lines: pelew,t to the- end of display " EBTX (End: of Text) Halts transmission ai 
fo MEMO) . : switches terminal from send mode to receive. or 
ee : local. mode, depending on option elected, or 


: ESC @ secisice Mowe cursor to first tab : does not switch mode.at all if option elected not 
har -; stop. on. ‘Tight. - -If no. ‘tab setting on right, cursor | . to. : : 
-mOyes-to start~ of: next-line. If there is protected: . 


«, 
* 


. data-en: route,“the cursor ‘stops -instead’ at ‘first | ~~ BOT (End of Transmission) — Halts 
unprotected. character following protected. data, transmission and switches terminal from. send. 
; whether on ‘that-line.or.the next line. mode'to receive mode, unless option elected not | 
a: “bs a a. ne 
. "ESC 7—Moves ‘oufsor up, one lines | . i ae 
: : GS (Group Separator)—Halts transmission 
ESC B_Moves cursor oan one line,. and switches terminal from, send mode td receive - 
i. _ or local mode, depending ‘ on: option elected, or 
ESC Moves cursor right, one character. does not switch mode at ali, if option elected not 
to. .. * : 


\ 


-ESC GoMod (cursor to staft. of line 


cy 


: "ESC H—Advances display to first: segment -FF (Form Feed)— ‘Halts. transmission and 


oe Se and’ moves cursor ‘to start’ of first: line. . Switches terminal from send mbdde to receive or 
ak, : t local mode, depending on option elected, or. 
vo ESC 3—Causes characters that follow to be does not switch mode at all if option elected not | 
ae highlighted. . - . to. “ 
we “y 4 “ ne 4 ? Zs - . . : ‘i : ‘ 

A 7 - . z : ‘ £28. <= ‘ -_ 

ERIC . aa tee F 

: ; e = : 


aa v ad Cis ae eo 8. - 
cae Can ree P & % « Bo "a = z ech : 
: ie : : i em : ws é 
2 . ee » a? ae as ’ — ‘ 
Appendix, Ue AMERICAN STANDARD CODE rOR INFORMATION INTERCHANGE (ASCII) 
: ‘Transmission of ES@ a ESC 4-Féllows transinissién of each block’ 
Escape)’ Sequefiees.* ae . _ of highlighted, characters, ° 
+ Pe eS ‘ ESC ee transmission-of each block 
‘Transmission. of -the following ESC  - of protected characters: - 
‘ (Escapé)~—character_ sequences can be ‘elected: to ‘ . 
_ accoipany “the transmission of data stored in ESC X-Follows transmission of each block 
’ display Jnemory: a . of protected characters: — oe 
. ot ae ee i 7 ~ a, 9 
° : ESC: 0 Ces Transinitted- ahead of 
“ESC 5 Brebades transmission of each block character at any location where there ds a tab 
“of. ot ighlihied cHiaracters—- wet > a =~ «stop setting: ° Sg Ne ea rag 
2 7 , Fs 
eon = bd * ? ‘ : a o) a . s sd 
+ os ° “ , Dd ~ , . *: * 2 . 
are 2 ‘ : . 
? a ae 
LA 2 — 4 i *o ee 
. be. : ee ig : 
° cof wk 7 * ’ : . 2 : . 
sf i o 2 “ 
* « ea' Pn ‘ : 
: ; * . a "ee : 2 * “ 4 “St . 
* . ¥ * 
, a ME , 5 
irae . 331° ee! 
> “ 
a fe 2 £29 af 4 . = 
~ a . ore <a a iw % 
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"DIGITAL DATA DISTORTION. TEST SET T AN/USM3291V) 


SECT. ION I 


= SiGNAL GENERATOR tas 
OPERATING, DATA 


a. CONTROLS AND INDICATORS. --The 
controls and: ifdicators of the signal: generator 
are shown in figure A4-L and listed in table, 


A4b. 


“b. "POWER TURN-ON. ~Power i is applied to 

the generator by the POWER switch (18, figure 
A4-1). Check that POWER lamp (13) goes on 
~ when the:switch.is set.to its ON:position. _. 
c. OPERATING PROCEDURES .-The 
_ Operation of the signal generator is largely 
‘dependent on the type of signal desired, The 
signal,-in turn, is determined “by the settings of 
the “generator front ‘panel controls. The front’ 
panel controls, and their-functional rélationship. 
to’ the. output signal, are shown i in figure A4-2: 
Note that for convenience, the diagram is divided. 
. into fouir parts as follows: < 


r Selection “of.signal pattern 
Selection of signal characteristics 
Selection of distortion 


* 
ae 7 


" NOTE 
The irnplied- sequence and left-to-right 
‘flow shown in. figure, A4-2 is for 
illustrative Purposes only, It: does not - 
represent: Signal flow. The. controls- 
may be set in any. sequence desired by 
‘the operator.’ 


(I)JSELECTION OF SIGNAL 
EAS SERN eine. OUTPUT ayaioh (22, figuré 


_ OPERATING PROCEDURES: ae 


the rear ‘panel of the signal generator. 


A4sk) selects the ee of dsl: pattem. As 
shown in figure A42 selection of. the’ steady 
inark (STDY MK) -or steady space (STDY SP) 


_ Signal routes these signals direct to the output 
* circuit. Selection. of CHARACTER involves the . 
: MARK/SPACE switches (6 through I'l, figure 


A4-1.), which must be set to the desited 


character; and the CODE LEVEL switch, which | 


Must be set to the desired unit level. The 
MESSAGE position selects:-the Fox Message 
signal pattern, which is available in the 5-unit. 
code, The REVERSALS position selects the . 
mark-to-space-to-mark reversal pattern. 


(QSELECTION OF SIGNAL" 
CHARACTERISTICS. —Five switches are 


involved in setting the: ‘general Characteristics of.: 


the output signal: the RATE switch (28). the 


“TIME BASE switch (23),. the 
_ SYNC-START/STOP (Stop Length) switch (27), ° 
and the CHARACTER::RELEASE switch (25) 


with the associated’ SINGLE CHARACTER 
switch:(24). The RATE switch sets the baud rate 


“of the signal. Thé TIME: BASE: switch selects 


either the internal timing. generator or ‘an 
external timiing signal connectéd to the EXT 
TIMING connector. The SYNC-START/STOP 


- (Stop Length) switch selects either ‘synchronous. 


or start/stop operation with four.dptions on the 
method of signal transmission: ~ 


- -'  (a)'In, the’ SINGLE CHAR position, a 
- start/stop signal is released one character at a 


time each time ‘the SINGLE CHARACTER 


switch is pressed. 


; (b) In’ the EXT STEP position, a 
start/stop signal is released one character at_a 
time each time an.extemal step input is-applied 
to the External Step Input terminals located on: 


° 


« 


ree i te 


"y 


aoe ‘ * : > + | @ 


Appendix IV- -DIGITAL. DATA DISTORTION TEST SET AsrUsus2scv) 


OPERATING PROCEDURES’. _ 


“? 
‘ ; eH ‘ a 
_ _ OISTORTION ic seater aarataws 3 stor % : 
SELECT 9 MK SIONAL tow us het 
. 18 OTSTART/STOP = o/ ; 8 ore. = @™ cae 
oom . + orig S300 2.0 { . Power “ynot 
: S0~ Ss soo ae 
48.34 1200 t / 
he ty es oo / sToPteneTn / |. " {O)- eu. Ke Q 1Oe 
few eta nf AAD 87 Hea00. 280 ayn: stant/ston/céoe vever./ ; wtf 2. : 2/- SO “6 © | 
* y ‘ - : ~_/ CHARACTER mi bas AMP gta fpowtn, Aas a en tive : 
. fe: ° . ‘ A . . / o y . 
28. e7 . 26 25 24 " 22 23 aR 20 ‘o- _ iw’ 16 . 
: ‘ a Be = . . 


‘ % « ai i Mans 

: ane ty HiBH) = LOW STEP OIT 
‘ ae LEVEL. Lever pulse 
OurPuT- OureUT INPUT 


“INPUT rNPOr eno @R0 


"ts ws 6 
48 07 a9 di Heb oe ore: 


(c) In. the BIT PHASE eae 
- synchronous signal is phase-locked. with .an 


ix 


» external bit-phase timing signal to ensure that” 


+ the signal’ generator output is synchronized with 
‘the timing generator in the receiving unit. 
re (d) In* the’ FREE RUN position, the 
_ Signal (synchronous and start/stop) is, released 
: _ continuously without interruption. 

(3) SELECTION OF DISTORTION.=The 
-amount and. ‘type of distortidn are selected on 
three switches. The DISTORTION SELECT 
switch (1) selects one-of fi ive types of distortion: 
mark-bias, space bias, switch bias, mark end; and ° 

* space end. Refer to figure A4-3 for examples of 
‘these distortions. The amount of distortion is 


4 


selected on the + PERCENT DISTORTION 


ExT jaa 
PHASE <TIMING $18 CHASSIS 


, Figure Ati Signal generator ae and indicators, 


oy te 


= 


switches (2 and’ 3) which set the amount in tens 
. and units, réspectively. 

(4) SELECTION OF OUTPUT 
- CIRCUIT.—The signal generator’ provides both 


_ high and low ‘lével outputs. The LOW -LEVEL 


jack.(15) psovides a low-level polar output at +6 
volts ‘established by an internal. power supply. 
_This jack and the corresponding terminals at the 
‘rear of the signal generator should be. used for 


‘ low-level polar output connections. For 


high-level’ polar and neutral signals, the HIGH 
4 LEVEL jack (16) should be used. With the 
’ HIGH LEVEL OUTPUT switch (19) in the 
POLAR position, the output signal available at 
the HIGH LEVEL jack is a'+60 volt polar signal 
(negative. mark). The same signal is also available 


e 


“FIGURE ‘A4-1 
INDEX NO... 


. Table A4-1.—Signal generator:controls and indicators : 


PERCENT ‘DISTORTION 


Switch (TENS) 


a 


PERCENT-DISTORTION kee 
: Switch: (UNITS; ; 


MARK/i SPACE I Switch 


. MARK/SPACE 2 Switch 
‘MARK/SPACE 3 Switelr 


MAREISVALE: 4 Bwiteh 
MARK/SPACE 5 switch 
MARK/SPACE 6 Switch’ 
MARK/SPACE 7 Switch 


' MARK/SPACE 8 Switch 


SIGNAL Indicator Lamp: 


9 - 
q 


POWER Indicator Lazap 


‘SIGNAL GRD Jack 


OUTPUT - LOW LEVEL 
Jack 


OUTPUT - HIGH LEVEL 
Jack 


° 


EXT TIMING Jack 


POWER Switch 


at Selecta:bercent- distortion.in- output ° % 
. test. signal‘in-units- ‘from_0 to a 


Sets seventh digit to 


FUNCTION. 


Selects vee of distértion of output test | 
signal 


Pd 


Selects sereeht distortion‘in Stitput 


test.signal in units of ae ‘10, 20, 30, 


wee 


-~ 9 ss 


‘One of a setof 8 switches. ‘Bets first 
digit to mark (ip): or apece (down), 


Sets second digit to mark or space : 


. * Sets third digit to mark or space 


: Sets fourth digit -to mark or space 


Sets, fifth. digit to'mark oF space ° 
Sets sixth digit'to mark or space 


to mark or space 


Sets eighth digit to-mark or space 


Iluminates to. shQw presence and type 
of signal: glows steadily -for steady 
mark, remains off for steady ‘space. 
and blinks :for keying signal, 


 Dluminates when: ac power is applied 


to the signal generator 
Connector signal’ ground 


Connector for low level output aga . 
Connector for high level ee signal 


Input connector for external timing. ~ 


’ signal _ ; 


an Ac power switch for signal generator, 


cee et 


aE SS 
° Ps . 6 . . 2 “3, 23 « 

appendix IV-DIGITAL DATA DISTORTION TEST SET ANTUSHSE5(V) ; 

_ OPERATING PROCEDURES 


s a, 7 . & : a 

dee ae Table A4-1.—Signal generator controts and indicators—continued a ‘ : ics 
i . — . ‘ " 5 . - T 

ih | FIGURE A4-1 | 7 ; : 
* INDEX NO, - ae CONTROL OR INDICATOR : ; FUNCTION . : “ 


dg: HIGH LEVEL OUTPUT Switch | 3-position selector switch that selects | _ re 
s ss . either polaror neutral signal circuits 
a - ; Pa : a + * * ; a , 
“20 , AC FUSES=1AMP'’Fuse . j} 1l-ampere 250-volt fuse connected'to . 
oe a ‘ : _one Side of input power line - - ee 


. 2&1 AC FUSES - 1 AMP Fuge © l-ampere 250-volt fuse connected to |{- 
: i * ee ; one sidé of inpat power line 

22 OUTPUT Selector Switch "| Selects type of output signal; In STDY digs 
, ‘| MK, the output consists of.a continu- - 4 

_ h ous. mark signal, In-STDY SP, the : , 

a ° 5G 4s - output consists.of a, Con-inuous' space “4 

= % a signal. In-CHARACTER, the output . 

ST fe > : ; consists ,of the 5~ to 8-unit character 
selected'on the MARK/SPACE eH 
; switches. In MESSAGE, the output ~ s 
‘8 consists. ofthe Foxmessage. Mh . | °~ . [f° 
: 7 ins : REVERSALS 131, . the- output consists . - 
« |, . ‘ ® | of alternate marks: and spaces 

. 280 «CC TIME BASE Switch : Selects éitier thé internalor exderial. 4 
x es | re timing: signal Yo ee 8 


s 


ee: SINGLE CHARACTER |: Operates in‘conjunction’ with CHAR- 
rs ae ete, lie aaa ewiteh | ACTER‘RELEASE switchset to ° “1. 
ey ; oe SINGLE CHAR position ; ‘od 


ef 25 ” CHARACTER REDEASE Selects: cilacseay release operating” : 
; a re ‘| , Switch _ oo mode, Jn SINGLE CHAR, the output | 
ot ; Ce : ‘is released‘as single characters each |. 
ee. A ~ “ee e 6 time the SINGLE CHARACTER switch 
— es - 7 ‘ . is pressed. In. ‘EXT STEP;* the output | ’ 
oe ° ae c 4 3 °| is released when-a step: signal is. ap- 
oe : ss , plied-to the’ external step. input con- 
jeg ytd af ; . ° 7 .{. nector, - In. BIT PHASE, the internal 7 
pee. Qe e - | timing’ reference is synchronized-with - 
rea s : ‘ an external timing reference, In 
oe so + * FREE RUN,’ the sm signal isc con~ 
~~  * : ‘| tinuous 


26 : ‘|. : CODE LEVEL Switch . Selects: 5-, 6-, T~, or 8-unit code foo 
: . ? : fevels in conjunction with the MAE " 


S 
” 
» 
we 
-s 


. 


i. ee toggle switches 


ER 


Full Toxt Provided by ERI 


ry 


eee 


« 


“OPERATING PRECAUTIONS 


itt © 


wv 


- FIGURE “A4-1]. > : 
‘INDEX NO. 


SYNC-START/STOP Switch 
(STOP LENGTH) - 


RATE Switch 


Power line cord 


9 


+60V LOOP BATT fuse 


-60V LOOP BATT fuse 


.NEUT: LOOP ‘fuse 


Terminal Block TBi 


Li 


at fake ‘corresponding high level ‘terminals at. the 


” "rear of, the signal’ generator. With the HIGH 


LEVEL OUTPUT switch in the NEUTRAL 
position, the output signal drives an electronic 
switch (closed for mark) connected tothe HIGH 
“LEVEL jack. This jack and. the corresponding 
, terminals at the rear of the: signal generator 
should. be used for: ajl neutral outputs and’ high 
level polar outputs. 

‘ (a). The SIGNAL lamp (12), dean in 
the output circuit, goes on whenever the output 
of the signal’ generator is-at the mark level and - 
“goes off-whenever'the signal.is‘at the.space level. 
. Hence, for a steady mark signal; thie lamp glows © 


: steadily. For a steady space signal, the lamp ° 


remains off. And for keying signals the lamp | 
_ blinks on and oe 


ie] 


The following summary of operating 
precautions and general information i is provided 
for use by the oa i 


CONTROL OR INDICATOR: 


.. Table A4-1.—Signal generator controls and indicators—continued 


FUNCTION 


Selects synchronous or start/stop 
mode. ‘Also selects stop length in 
start/stop mode 


Selects baud rate from 37. 5 to 4800 of - 
internal time:base- 


ce] 


Applies 115 volts- 60 Hz Power to the - 
unit, al 


Fuses vies battery line. 
' Fuses -60V loop. battery line. 


_ ‘Fuses neutral loop ; 


: Provides input and output’ termina~ 
: tions. ° * 


31.180 
a. The external timing input signal must be 
200 times.the desired baud rate. The external 


‘timing input must be a square wave having an 


amplitude of +6 volts, 
b. The external step input signal must be a 
12-volt positive-going pulse (-6 to+6 to -6 volts) 


‘atleast 20 milliseconds wide: - 


c. The external bit-phase ‘input signal must 
be a ‘square ‘wave having an amplitude of +6 
volts. 


WARNING 


Observe the following precaution 
when connecting the signal generator 
to the signal’ loop ‘to preyent voltage 
from appearing on the té¢st cable tip 
and. presenting a shock hagard. ’ 


Polar outputs: ‘Connect test, cable to 
signal loop before connecting test 
cable to signal generator (generator 


a 
* / . 


+ 
3. 
oe : 


, 
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Appendix IV—DIGITAL DATA DISTORTION TEST SET AN/USM329(V) ae e 
* OPERATING PROCEDURES ‘ : : 


2 SELECT ‘SIGNAL PATTERN. 2. SELECT SIGNAL CHARACTERISTICS 
4 ‘ " 


. 
-RATE. - ---- —----_- - -gt9p~LenotH--- > * ~ CHARACTER ~—s SINGLE 


SYNC+ START/STOP RELEASE CHARACTER ~ 


re | 
1342 EXT STEP. 
1.5 
2.0 | Fserr hase 
Pe —Sraceaun }———— 


—— ww em elnw olan me ee ew we ee em oe 


-OuTeUT MARK/SPACE “~~ CODE 


COiT- PHASE INPUT 


“@: 2 
Jc EXTERNAL TIMING INPUT FROM 37.8 TO 4860 gauO. 
SIGNAL MUST.BE 200x eaUD RaTE. oe 
2. EXTERNAL STEP INPUT MUST BE -PesiTiVE GOINe, 
PULSE (-6 TO4 © TO-G VOLTS) AT LEAST 2p MSEC WiOE. 
“ - 


\ MESSAGE OUTPUT AT 8 UNIT CODE. ONL n 
. * . 


Pon: Se ¢ 
: : A ary é Sp : 
. 7 : SS 
i 
ae 4 3. SELECT DISTORTION ‘4. SELECT ouTpUT * . 
‘ 7 a4 ” bas . 5 z 2 3 
s ® : Z . PERCENT ‘ % ° . 
* ‘  * OISTORTION “ J, . . 
OISTORTION ~ . P * 7 3 
SELECT x OUTPUT 


. -4 | £6v POLAR onty LeveL 
a ae : pzeno. Jf ie a ae 
~ tT racers] |! 11 a ee 
; — 2 of 1s 
20 poFF 4 # 
: [eeuT RAG] 


 fowiven tas fo - Leven, 
a Woe OC ps 
‘ , bmceewoy | [C 
‘ E ~* 3 SIONAL 
a ‘ : = . 
ot ° Ak Stewat came GOES ON WHEN e . 
. OUTPUT IS “AT MARK LEVEL AWO = 3 
: YOOES OFF WHEN OUTPUT Is AT . 
‘ ig -  “BPACE LeveL. 
‘ ; 7 i 
FS . : Pa ae ‘ 
: , : 7 31.176 
- ; Figure A4-2.—Functional operation, signal generator. : : 
. t ° ; : ; , : 7 ® 
' Neutral outputs: Connect test cable to - ‘ SECTION II 


signal generator before connecting test. 
cable to signal. loop (station provides . 


‘loop voltage).: ; . 


~ ANALYZER-OSCILLOSCOPE 
ANALYZER-GSCILLOSCOPE * 


i an : ‘OPERATING DATA 
OPERATOR’S MAINTENANCE ; at ; 
- The following procedures and. instructions 


’ Maintenance required by the operator is apply to bath the analyzer and oscilloscope. If 
limited to replacement of the lamps and fusesin . the analyzer is used. without the oscilloscope, 
the signal generator. ~~ - the instructions that apply to the oscilloscope 


> 


337 


COMMUNICATIONS TECHNICIAN O 3 & 2 | > 


* 


.¢ M/S TRANSITION = S/M TRANSITION . : = sence ied 


i 


sonen ~— MARK 
. UNOISTORTED 
— : . : d SIGNAL a 
oe. ee — re . srazr SPACE : : 
a i i + 1 2 | 3 14 H 5 ! }START! le ! 2 3 t 4 5 j ! | STOP 4 f 7 i 
- i ; “MARKING BIAS aa 
{ 


(S/M TRANSITIONS 
EARLY) 


SPACING BIAS . 
{S/M TRANSITIONS x 
CATE) : 


“MARKING END BIAS 
(M/S TRANSITIONS 
LATE), . 


SPACING END BIAS 
(M/S TRANSITIONS ore, 
EARLY ) 


“pay SWITCHING BIAS 
ALTERNATE. Manning” 
AND SPAC 


SucceruiNe. 
CHARACTERS ) 


or eee 


CHARACTER : : . - CHARACTER 
\ : : 


NOTE:: SHADED AREAS SHOW DISTORTION (APPROXIMATELY 25%). 


o . 
- OO : 31.177 
; Figure\4-3.—Examples of telegraph distortion. 
4 Seal 
may be disregarded. Separate operation of the (1) On analyzer, set POWER switch (14) . 
: oscilloscope i is not.recommended. . ‘ to ON; check that POWER lamp (9) goes on. 
(2) Set analyzer controls as follows: 
a. CONTROLS AND INDIGATORS. The -(a) MODE switch (18) to type of 
controls and indicators for the analyzer and signal to be measured. 
oscilloscope are shown in figures A4-4 and A4-5 - (b) RATE switch (4) to rate of signal 
_ and listed i in tables A42 and A4-3. » to be measured. 
, (c) POLARITY eit (6) to 
_b. ANALYZER-OSCILLOSCOPE ‘polarity sense of signal ta be measured. 
TURN-ON PROCEDURE.—Perform the (a) RESET switch (19) to OFF. - 
following procedure to turn on the (e) FILTER switch (8) to OUT. j 


analyzer-oscilloscope units: ‘(f) TIME BASE switch-(2) to INT. 
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Se ee ee ers 


end 
M/S TRANS 


GISTORTION 


RATE 
3 scever 
C 
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Time BASE 


N 
AUTO 
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Timing Si® Chassis 
INPUT ero 8 6n0 


s7.s 2400 
2800 
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OISTORTION SE 
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; . Figure A4-4,—Analyzer controls and indicators, 
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fee Figure A4-5.—Oscilloscope controls and a  « eRe 
. : = : es. teat i, a . . . ; ; Z : “yo on , an ) ; i 
ee ' y Sie i er aan ‘,* ; . a 


"NOTE sO ‘@) VERT GAIN contro (2) to: 


ws midposition. - 
~ it extemal timing signal is to be used (b). INTENSITY MODULATION ; 
-in’ lieu Of. intemal time base. generator switch (17) to. OFF, - 
aa of. andlyzer, connect external signal to (c), UN T f RN ‘ L SWEEP 
5 EXT TIMING jack (13) and set TIME MILLISECONDS switch’ (11) to approximate 
re ‘BASE swith. to EXT, . oo rate of. -signal tobe -measured.. 
‘(d)’ SWEEP VERNIER control (10) - 
. + * * @) ‘On. oscilloscope, set POWER switch to’ midposition. “ ip 
tg oa US, figure A4-5) ‘to ON; check that POWER , 2 (e) TIME BASE RELEASE switch, - 
© eee ‘laimp (12) goes on.» : 3 : * (16) ‘to’ CHAR. * [eS 
ae : . (6) Set INPUT ‘switch (7, figure A4-4): 9," 
. 8° (4) Adjust foltowing oscilloscope. ; required: position. 
_controls as required to obtain-a clean. centrally’ : re 
‘positioned trace on oscilloscope CRT (1): oe a ne 2 ae 
: , (a) INTENSITY: contro} (5): J | ere CAUTION: oe oe 
_  (b) SCALE ILLUMINATION (8). ok ets nd 
+. (c): FOCUS control (4). * ; | . Always connect ‘test apie to analyzer | 
~ "+" (d), ASTIGMATISM control (7). before connecting test cable-to signal’ 
* ** (e) VERT GENT control (3). ; ‘lop. 
2 , . (f) HORIZ. CENT. control (6). : ; 
a (s) HORIZ GAIN control (9) * ae (7) Connect anatyane to signal lodp as | 
ae a *  - follows: 
(5) Set oscilloscope controls ‘to initial . - (a) For current. signals, Sonuece : 


settings: - o ; , analyzer in series using INPUT LOW Z jack (11)... wo 
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Table: A4-2.~Analyzer controls.and on soe : 


. 


‘CONTROL OR INDICATOR. «| __ FUNCTION 5 


Measures percentage distortion from 
0 to. 50 in 1%, increments , 

| Selects either exterral or intérnal al 
| time base, The. external timing sig- |} 
Nal ‘is. connected iis EXT” TERING: 
jack” 


' "% DISTORTION Meter _ 


eo 6 
¥ 


“TIME BASE Switch 


v 


END, M/S’ TRANS-S/M 
TRANS’ BIAS. Switch We 
S/M Switeh) 


ry 


t 


Selects either: mark-f6-space or: space- 
‘to~mark transitions for analysis: of 
| end distortion and: bias distortion, 
ret respectively ; 


pate sia a. |.) Selects ‘baud tate'from 37.5 to 4800, 
* . | of internal. time base. ‘ ; 


DISTORTION SELECT . 


Selects’ type: of, distortion (average or 
See 


peak)” for analysis. - Also. selects total, | 
; early, and: late for. peak distortion 
measurements: ” 


© 


Fy 


POLARITY Switch | Reverses paladity of input sige 


‘ a a 

INPUT Switch’ : oe “Selects either polar’ or neutral. input, _ 
Le circuits,- The two neutral positions’. » 

are. ciifrent inputs at 20 and. 60 ‘ma,. ~ 
orespectively. The’ 20-30, ma.position ~ 
'| i8‘thé polar current input and the. high - 
_ | arid:low: level polar positions are: the 
i "high and low voltage inputs, Fespéc- 
tively: 


FILTER Switch 


é 


" Connects-filter ised) to remove. spikes ‘ 
-ard.boles.in input We VeLOrE. Usable’ 
up to 150 bad 


Pf] 


Hluminates: ‘iene ac power is applied 


POWER Indicator iiamp | 
2" . te. the analyzer : 


. 


‘ SIGNAL GRD‘Jack ° Comedic for ‘signal euina i 


. “INPUT - LOW Z Jack . i Input contiéetor- for current signals 


_ INPUT - HIGH Z Jack . 1 Input connector ‘for all voltage. signals 


"EXT TIMING Jack. Input connector for all external : timing 


= 


COMMUNICATIONS TECHNICIAN’ 0, 3 & 2 


¥ S @ e 


Table A4-2:—Analyzer controls. and indicators—continued. a 
FIGURE A4-4 ae ae. * 3 
af INDEX NO. " CONTROL’ OR INDICATOR ; FUN CTION. : 


* POWER Switch ce _ | Ac ‘power switch for analyzer 
Je a ee 2 aor : 
« AC7FUSES - 1 AMP: Fuse ac ~ampere 256-volt fuse connected to 
Pe ee Shae " frone: Side of input power line 
: AG- FUSES -1 AMP ‘Fuse , l-ampere 250-volt fuse connected to 
a - Se ee ee Tone side of input power line “ 


TRANSITION SELECT, Switch Selects: either all or 1 at 9 Soatitic 
: 3 7 ‘J transitions for: analysis and display 


° 


‘MODE Switch ~~ ast "Selects siglinonsudiow sant/elop 
; ; - . mode. Also selects 5-;.6-,7-, or 


‘|. 8- unit codes. z 


> 


RESET Switch ; ; Selects automatic or manual reset. of 
= wk. OT Bp output meter. Centex position is off 
LATE Indicator Lamp | Dluminates. diving: average distortion 
: : ‘ | measurements to indicate marking 


- : . | end and spacing bias: distortion. 


SIGNAL Ind{¢ator Lamp Lluminates to- show" presence and ‘yee M 
Boe ee a ge & "of signal;> Glows-steadily for steady 


ae i . ‘yd mark, remains off,for a space, 
5 Mee tp ee 4 “} and blinks OF keying signal = 
. EARLY Indicator Lamp * dluminates ‘when online: average dis- 
a : | tortion measurement to ‘indicate. mark- 
ing bias or spacing. end dlateatidn, | nef ee 
LOY Z INPUT fuse- : Fuses low innpedance input. Line 
5 5 gdhnector a Connector for Analyzer to Oscillo- ‘ 
wy  * A scope cable = a 
TB1 terrainal. board ; . Provides connection for input signals 
7 Input power cable. 2’ Byovides for connection of input power 
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a Appendix IV- DIGITAL DATA DISTORTION TEST SET AN/USM329(¥) 
een gar - OPERATING. PROCEDURES © 


eae 


| FIGURE A4-5}- 
INDEX NO. - 


CONTROL OR INDICATOR FUNCTION - ~~ 


2 


Cathode Ray Tube (CRT). Displays digital waveforms. ~ 
* 


VERT GAIN Control | Controls. height of. trace on ‘CRT 


_ VERT CENT’ Control ~Controls’ Vertical: Podision. of trace on 


‘CRT-. 


be 


‘ 


’ 4 FOCUS Control 


Adjusts: focus. twit aiz4) of electron 
beam 


. 


Adjusts intensity ‘of. fave on’ cer.’ 


INTENSITY Control ' 


Controls. horizontal position of trace 
on ‘CRT 


iN 


HORIZ CENT Control 


‘ ASTIGMATISM Control " Adjusts sidgeatices (spot shape) of - 


electron | beam, 


ste 


‘4SCALE ILLUMINATION 
Control $ 


- HORIZ GAIN ‘Control 
SWEEP VERNIER Control 


Controls. dllumiination of engraved ag 
‘Beale (graticule) : a 


Controls wldth‘of trace: ‘on ‘CRT. ae 


. Fine adjustment Gonktal of internal 
’ Bweep oscillator 


INTERNAL SWEEP MILLI: " Selects’ one BOF cisions ranges 


SE CON Ds’ ‘Switch . 


Dluminates when: ac power 18 ‘applied 


POWER ‘Indicator ‘amp 
: _to the oscilloscope’ 


oy te 


te POWER Switch ’ Ac. power. switeli for saciliodeics 


“AG FUSES - <7 Ame: Fuse. . 


« a ‘ 2 


- leampere 250° Volt fuse” ‘corinected on 
one side: ‘of input, line t 


’ 


o 


l-ampere 250. volt: fuse connected on 


AC FUSES = 1:AMP Fuse 
a one side oF input'line - 


“ 


--” ‘DIME BASE RELEASE Switch ; 


‘Selects synchronizing’ ‘Bignal for: ‘ 

oscilloscope sweep... In. CHAR, the - 

oscilloscope sweep.is triggered for 

bistro character,: In SEL TRANS, the 
weep is' triggered for separate tran- 

ditions as:measured’on the analyzer, 

In. FREE, ~no trigger ig applied, The 

, CHAR and:SEL. TRANS signals; are 

“applied to the. oscilloscope from.the 

y analyzer. 


oe 


, 


INTENSITY MODULATION ; Connects intensity modulating ‘signal 
Switch * | from analyzer to cane input of 
” : ; ‘oscilloscope 


” 31.182. 


7 (b) ae voltage signals, connect 
analyzer - across loop. using INPUT ‘HIGH 2 jack | 


(12). - 
te 3(8) On anaigaee. check SIGNAL lamp 
; (21): and verify that: ; 
" .(a): For steady mark signal, the lamp 
Rot ; glows steadily. 
Oe ie . , (b) For: ‘steady space signal, the lamp 
“oe yemains-cff. + 7 
: (c) For keying. signal, the lamp 
blinks on.(for marks) and off (for spaces). 
(9) On oscilloscope, :verify presence of 
: signal on’ CRT. Adjust ‘oscilloscope: controls for 
. dest a of waveform. ,. 
»B. Ie As § DIS;TORTION 
. MEASUREMENT. —Bias distortion is the average 
displacement of. ‘the space- -to-mark transition 
from “its normal position referred: to the start 
matk-to-space transition. The distortion‘is called 
; “< -marking bias if the transition: ‘OCCUTS - -early and 
ae . Spacing: bias if the! transition occurs late. The . 
.” + analyzer is capable of: measuring the average’bias . 
‘. ~.distorfion for the: overall signal’ and..also for’, 
a? : signal, transitions-(in Start/Stop signals). Measure 
ip? < bias distortion as follows: 
‘ . (i) Perform’ turn-on procedure f 
(2) Set. analyzer: controls as follows: 
te (a) TRANSITION SELECT switch 
(17) to ALL (or'to selected: transitions). 


5 


‘(5):to AVG. 
(c) M/S-S/M switch (3): ‘to. S/M. 
"oe dt (3) Observe. %: ‘DISTORTION ‘meter (1) 
and EARLY, LATE, and SIGNAL lamps (22, 
. 20, and 21).for following: 
© : (a)% DISTORTION 
. ‘« °.meter—indicates-amount of distortion (average). 
= (b) EARLY lamp-—if on, indicates 
mark bias: distortion. 
(c) LATE lamp— if on, jndicatés 
space bias distortion. 
{d} SIGNAL ape xe indicate 
that signal is keying. - . 

d. E.N D' DISTORTION 
MEASUREMENT.—End distortion is.the average | 
displacement of the mark-to-space: transition’ 
from its‘ normal position referred to the start 
_ mark-to-space transition., The distortion is called 
_ spacing end distortion: if the mark-to;space 

eed, transition is. early and’ marking end if the 


’ 


oe transition is late. The analyzer is capable of 
. Qo. : 


A Fit Toxt Provided by ERIC 
r 


-* a * 
roel ; °, fo 


+ 


Re aresbidlsceht ae Leeadioal 03&2 


+ 
ae 


measuring the average end distortion for . the 


> 


vit 


« 


(5) to AVG. 


(1) Perfoim turn-on procedure. 
(2) Set analyzer contyols as follows: 


*(a) TRANSITION SELECT switch 
(17) to- ALL (or selected transition). 


overall signal ‘and also for single transitions (in. 
Start/Stop Sea Measure end «distortion as 
follows: 


ry 


(b) DISTORTION SELECT switch 


(c) M/S-S/M a (3) to M/S. 


(3) Observe % DISTORTION meter uy 
and EARLY, ‘LATE, and SIGNAL laras (22 
20, and 21) for: following:.. : 


(a) % DISTORTI 


(b) EARLY lamp-if ‘on, 


spacing end distortion. 


‘0, N 


meter—indicates amount of average distortion. 
indicates 


(c) LATE lamp— if on, indicates 


arking end distortion. 


(d): ‘SIGNAL lamp—blinks to inidicate 


that signal:is keying. 


eke PEAK. DISTORTI 


‘(b) DISTORTION SELECT switch 


344 


‘NOTE 


z+ 


The percent distortion shown on the 
% ‘DISTORTION meter represents the 


O:N 


-MEASUREMENT.—Total peak distortion is the 
highest amount of distortion that occurs ‘on a 
signal during a -given -period.of time. The 
distortion may occur on mark-to- -space . 
transitions or space-to-mark transitions and may 
occur éither early | or ‘late: The analyzer iS 
capable of measuring the total peak distortion, 
early peak distortion (both M/S and. S/M) and 
late peak: distortion memo! M/S and S/M).. 


peak value obtained during the ' 


measuring period. The meter displays 
the peak reading indefinitely until 
changed to a higher value or reset to 
zéro. by the RESET switch. The 
RESET switch offers two options: 


‘manual reset mode, in which the > 


momentary switch must. be manually 
pressed down to reset the meter; and 
the automatic reset mode, in which 
the analyzer continuously, resets the 
meter at 5-second intervals. 


(TOTAL P ECA KD 


| MEASUREMENTS. - Measure the total. peak 4 


distortion- “us: follows: 4 


(a) Pérform turn-on procedure. 
= (B)- Set analyzer controls as follows: 


a (1) TRANSITION JSELECT 
switch (17) to ALL (or to selected ‘transition). 


Switch to TOTAL. 


(3) RESET switch (19y to ‘AUTO 
, if. automatic reset feature is desired. Otherwise. 


* set switch to OFR, 
(c) Observe’ % DISTORTION meter 


(l) and: SIGNAL lamp (21) for following: 
()% DISTORTION 
meter—indicates peak value of distortion. . 
(2) SIGNAL lamp- blinks to 
indicate signal’ is.keying. * 


QEVA RLY .P'E A kK 


ae we » DISTORTION—Measute early peak distortion 
_ (peak - marking: ‘bias and peak Spacing.end) ‘as .. 


‘OPERATING. PRECAUTIONS 


follows: ° >, 
(a) Perform turn-on procedure. 


(b) Set analyzer controls as follows: 


(IL TRANSITION SELECT 
‘switch (19) to ALL*(or to selected: transition). 


\ @) DISTORTION: SELECT. 
switch (5) toEARLY. .. 


(3} RESET switch (19) to AUTO 
if automatic reset feature is.desired. Otherwise 
set switch‘to. OFF. 

(4). M/S-S/M switch (3) to either 
M/S. or S/M depending upon. type of transition 
to be measured. Set to S/M.to’ measure marking 
“bias, M/S to, spacing end. 

(c) Observe % DISTORTION meter 
“1 and SIGNAL lamp21) for following: 

()%-DISTORTION 
meter—indicates.peak value: of marking-bias and 
spacing-end distortion for S/M° or M{S 
transitions. 

(2) SIGNAL lamp—blinks to 
indicate that signal is keying. 

@3)L. A T E .P EA XK 
-DISTORTION.—Measure’ late -peak distortion 
(peak marking end and peak spacing bias) as 
‘follows: ; 


: ~ ~J3 


(2) BEST ORATION: pete a 


5 for use by the operator: 
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_ Appendix IV-DIGITAL DATA DISTORTION TEST SET ANIUSHSI9V)_ 
OE PROCEDURES ‘ 


. (a). Perform turn-on- sproceaute? 

(b). Set analyzer controls:as foliows: 

~ “G) TRANSITION SEEECT 
switch (19) to ALL ‘(or to selected transition). 


switch (5) to LATE. 


(3) RESET switch (19) to AUTO ~ 


if automatic reset feature is desired. Otherwise 
set-switch to-OFF, 


if * (4).M/S-S/M switch (3) to éither 
M/S .or S/M depending upon ‘type of transition 
to be measured. Set to-M/S for. marking. end and 
S/M for spacing bias. ~~ 
-  (c) Observe % DISTORTION meter 
( 1) and SIGNAL lamp (21) for following: 
(1) % * 


DISTORTION 


meter—indicates peak value of marking’ end and: 


transitions. 
(2) SIGNAL lamp— blinks to 
indicate that Signals. UE 


The following summary: of operating 
precautions and: gencral information is provided 


¢ 


a.” The input filter of ‘the analyzers usable 


only. up to modulation rates, of 150 baud. Set 


FILTER switch to OUT position when Operating 
the-analyzer above 150 baud. ; 


b. The external timing input signal ‘to the ; 


analyzer must be 200: times the desired baud 
rate. The extemal timing signal.must be a square 
wave having an amplitude of +6 volts, 


c. Use LOW Z connector: when measuring 
. current signals, ‘ 


-d. "Use HIGH Z connector when measuring 
avoltage Signals, ° : 

e. Always connect test cable to analyzer 
before connecting. cable: ‘to signal loop. 


« 


OPERATOR'S MAINTENANCE * 


z * n 


Pa 


“Fhe maintenance required by the operator is 
limited :to- Pevlacement of lanips and i fuses. 


“spacing Dias. distortion’ for M/S or S/M . 


(2) DISTORTION SELECT “3 


ae 


74 APPENDIX V - . : 
~ + OPERATING’ SIGNALS |.” ay, 


= Table ‘a8 ouning signals. : . _ . 


(ee haar Avion of Orde 
QRK |] "What is the readabillity.of my signals (or those -The readability of your elgnals (or those of, J ie 
ot? Teghe 4 eompaneal 10 5)e 
QRM || Are you being interfered with?. “Lam being lsterfered with, : 


QRO shall | increase power? 


-QapP 


 Iactease power, 


‘ 


Ghall I decrease power? Decrease power. - 


Qau } Mave sou anything ‘or me? a saleiat a for yous . 
"as What J he strength of my ctmnale (ok those The atreng of your signale (or thoes of, )lec 
. ofS )? rx (t to 5), ~ 


Send a series of Vs on this Yrequency [or ‘He (or 
MHz2)). Or 4% ‘ 


pa ‘ema KH2 (of MH2) ? 


unk _ Sell 1elmags 1 trnamuselon ot aipage 
epeeey? 7 


qav . Shall 1 fend & series of Vs rity frequency for 


1 


Change to transmission on another feeeicasy ” OR 
~ kHz (or MHz). ‘ o 


This is my. - request (or ti site ) second, > 
9) tied oe.) a renly ; ’ Re 


{(1).clear; (2) garbled), 


eee eee eeer ere weer ereereereoeree 


lam receiving your. traific 


Following: repetition (of, ) is inade in accordaace | ; ’ 
“with your reqéest,  u fay « ' 


Meseage “ 1) ad received, ( 2) unidentified, 
cama bere! Seen data}, : : - 


This message has been delivered by other means or by a * 
, separate transmisaion to the addressee(s) inimediately 
* following this operating signal mgt a 


This is a-book message and maybe dalivered as i single 
>" address message to addressees for whom you are - 
responsible, \ 


" This voter (er nasiage ) ier i has been) 
‘pa. to you (or.__) ber. actos, —- Pe 
~ (2) information, (3) comment], - ; ? . 


Will you repeat moseage. 
a )? Or, Non. . 
Have you received mensage__ ? 


. care 


A 2 
aoue 


: > ° fe) 
@eeteeoseee eeoreeee ere eee We ee 


> 
é - 
<7 


oro eer errr eer ere reer enerere 
¥ 


. 


There is no reply to massage, _ 


This message (or ineseage, ) is being (or: bas been) 

passed. cmt of propes omens of ctatlon seria ’ 2 

aumbers, . A . >. 3 re 
My (or___'s) puraber had following. {¢l) date- 

time group, (2) {iliag ag time}. is 


Iam (or ___is) radio” guard br—on ——kHz - 
(cs MH7)1. ° 


”* Authentication (of___) is. —— (a message, ps 
(2) last tranamiseton, (3) aie ‘ as 


e t 


Is. there any’reply to messege_—__ ? 
. me . “. 
B 
- What was 1__of your (0 ‘a) numbe 2? I. 
((1) date-time group,’ * Gy Tiling tae). : 


Are you (or is —., ) radio guard for 
fon kHz (or MHa)l? 


What is authentication of, {Q) x nee 
a {2) last transmission, pissin, (3) ) maneage 


. 


*, Station(s) called Teiay this message to addressees fer . 
whom you are Tespousibie. 7 


“Place this message (or message__._’) oni broadcast ’ 
* Indicated by samerale fell (surseral may : 
+. -be followed by specific breadenst designator) ((1) NSS: s 
(2) NPG; (3) NPM; (4) NBA; (5) NPN; (6) NPO; aa NHY: |, 
, (0) NAM; (9) NAF; (19) NEL; (13) NDT}. 


ee eee tee etree eee e ere eeee 


4 


Station designation preceding this operating sigmal !s the > 
correct.routieg for this masange rerouted by re 


, Affirmative (Yes), ~ 
” Negative (No), : ; \- 


co] ,; we 
Your attention Is 'iavised to : ‘ 


standby. 76.42 : 


~ 


‘APPENDIX VI 


~ 


¢ 


Some of the most commonly used: operating 


. 


DSSCS OPERATING SIGNALS 


a 


signals are listed-in- Appendix V. Remember: ‘that 
the Q code is used. internationally, and speaks of 
“telegrams” where a U.S. Navy communicator 
would say’ “‘message. * 

In addition to operating signals which are 


assigned meanings in the current edition of ACP- 


131, the following signals and assigned meanings 
- are authorized for use in DSSCS; however, they 
*should not bé used outside the DESCR 


community. 


ZPO _ The. text of: this message is 
SIGNAL MEANING — to be relayed in precisely 
the same format as that in 
"ZA This is an éxact duplicate which. if is received. No | 
of a message which has characters or machine - 
Z been forwarded via functions are to-be: added, 
ee poe .. inserted or deleted, afid'the 
. a " relative positions of the ~ . 
~ ZCAI This is. an exact duplicate groups -are to be retained... 
of a message which has - Normally used: on those 
" been forwarded -via messages requiring. 
physical means to___ computer processing., ZPO 
: ‘messages may be serviced 
.ZEM Used in,the message format for obvious garbles in: the 
: as a symbol for ‘machine heading and text. 
recognition. of the: start.of ° 
text (SOT) indicator which ~ ZRJ Urgent Operating 
prevents the incoming line Condition (defined in 
sensing device from ACP-131 as ‘‘Will you 
reacting to certain machine check your... 2”). In 
sequences: during the DSSCS the operating signal 
textual portitbn of a _ ds used’ to attract the” 
message. aattention -of a distant 
7 . — station: Receipt of this 
ZNZ1 ~ Originator has indicated signal will activate an alarm 


that’ this message should be 
forwarded without service 


action on the text at relay ” 


y 
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* 


.or addressee stations, as 


the information contained 
is perishable. (For use -by 
message » originators on 
‘specific types of/traffic the 
text of which is non-literal. 
ZNZ1, messages will only 
be serviced for garbles in - 
the «message heading to 
insure proper anne) 


at those s€ations where - 
incoming circuits are 
equipped with the model 


' 6 es 


+236 


" Py , ° é . - 
. : > Ks hag - “8 : e 
2 re . 5 ‘5 . ? 
. a COMMUNICATIONS TECHNICIAN O 3 & 2 . 
28 printer. To avoM . operational factors.) ZYO 
unnecessary alarms, use of ‘will appéar in message ° 
see * this-opérating signal must format line 4, immediately 
. belimited to conditions of | following the TCC and 
z, - -.--urgency...°--- ----  - -- ae — ~-$eparated by a space,” 
' : : r followed by souting 
ZYH  . Used in.the-message format . ° indicator of the -station. to” 
_ as a high precedence which any, subsequent 
‘ indicator- which “activates service action. shoulg be 
an.alarm upon receipt of a. directed. Instructioris for 
CRITIC or message application -of. ZYO will be 
“ assigned FLASH or iss uéed*‘b iy 
sa = IMMEDIATE precedence. ‘ COMNAV'SECGRU to 
_ ; ; cognizant: Naval activities. 
» = ZXO™ ji This. message originated by ; 
‘ Navy. afloat or ‘Navy . ZYS ‘Do not transmit via 
mobile unit. All service OPINTEL broadcast. 
‘° message and retransmission ; or a . 
requests will be addressed ZZR The text of this message 
.to the routing indicator - ‘. employs .a, code which 
following® this operating presents a garbled. 
signal. (Used Uuring-certain ; appearance ‘on standard 
: periods to “preclude ; telety pewriter equipments: 
Significant delay -to service . approximate rene is . 
. “requests when thé Naval ~ (1. 300 .groupss-2: 600 
afloat units do! not groups; 3. 900 groups.) 
terminate full period - 4 
ae communications either ZZS This is a voluntary 
because Of emission correction; disregard | 
s : control orders or other. =... _. ._.._ —--previoys-transrhission.. 
; oe as o é 
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The metric system Was developed by French 
scientists in 1790 and was Specifically designed 


‘ to be an easily used system of weights and 


measures to benefit science, industry, and 
commerce, The metric system is »calculated 
entirely in powers of 10, so one need not work 


- with the various mathematical bases “used with 


the English system, suchas 12 inches to a foot, 
3 feet to a yard, and 5280 feet:to a,mile. 

"The- ~system.is based on the “metre” which is 
One ten-millionth of the .distance from, the 
Equator to the North Pole. It is possible to 


:develop worldwide standards from this ‘base of 
measurement. The metric system of, weights is ° 


‘based: on the giam, which is the weight of a 
specific quantity: of water: 


“Soon: after the system. was developed ° 


scientists over the world adopted it and were 
able ‘to deal with the mathematics of their 
experiments more easily.. Thé data and 
particulars of their work: could be understood by * 


e€ early? 19th century many Eyropean nations 
adopted the ‘new system for engineering and. 
commerce. It was possible for these countriés to 


_ trade mayiufactured goods with one another 


without worrying whether it. would be -possible 
to ‘repair machinery. ‘from another .country-: 
without also ‘buying ‘special: wrenches and - 
measuring tools. Countries could buy and sell 
machine tools ‘and Other sophisticated and 


frecision machinery without troublesome 
modifications or alterations. It was much easier. 
to\teach the metric system, since metres can. be’ ” 


changed to kilométres or centimetres with the 
movement of a decimal-point, which is roughly 
like being able to convert yards to miles or 


inches by adding zeros and a-decimal instead of. _ 


multiplying by 1760 or dividing by 36. 


“THE METRIC SYSTEM . 


aE APPENDIX: VII 


d 


With the exception of the United States, all” 
_the industrialized nations of the world: have 
adopted the metric system. Even Englahd and 
Canada are changing from their traditional 
systems of measure, and the metric system will 
be almost universal by 1980. 

Although athe metric system has not been 
officially legislated ‘py the Congress, the metric 
system is. becoining more: ‘prominent: -in, this 
country. Most automobile- ‘mechanics own some 
metric wrenches to work on foreign cars or 


. foreign components.in American cats. Almost.all 


photographic’ equipment is: built t6 metric 
standards. Chemicals and’ drugs are usually sold 
in metric quantities, and. “calorie counters” are 
using.a metric unit of thermal energy. 4 

* Because we are allied: with countries who use: 
the,metric system; -much- of our military 
information is‘in metric.terms. Military maps:use 
‘meters: and. Kilometers ‘instead. of -miles, and 
many weapons are in-metric sizes, such as 7.62 


other scientists anywhere in the* ‘wotld, -Disking __mm,.20-mmi,- 40-.mm;~ ;~75-:mm; and: 155 mm. 


Interchange of - military equipment thas caused a 
mixture of metric and .English measure 
equipment since World: War I- when the ‘army 
adopted-the French 75 mm field gun, and:World 
War II when the Navy procured:the: Swedish: 40 
.mm Bofors andthe Swiss 20-mm: Oerlikon heavy 
machineguns. 

_ It is inevitable that the ‘United States wili 
officially adopt the metric system.-Exactly when 
this happens. ‘and how rapidly the changeover 
will depend on economics, since the expense of 
retooling our industry and commerce to new 
measurements will be very great. The cost of 


' conversion will be offset by increased. earnings. 


€ 


from selling machinery, and products overseas. 
Another benefit is that scientists. -use the metric 


- system, but a calculations n now have to be 
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translated. into English measure to be used by » The basic quantities of the metric system are 
industry. With adoption of the metric system multiplied or divided by -powers ot 10 to give” 
ideas can go directly from the drawing boardto “other workable values. We cannot easily measure 


.. the assembly line. -machine parts in terms of a metre. so the 
The Navy wili be using the metric system: millimetre, or one-thousandth of a metre is-used. ~ 
more ditring the next few vears. Although you For very firlé measure the micron, also called the 


will find it easier to solve problems using this micrometre, can be used. It is one-millionth. part 
system, at first you will find it. difficult to of a métre, or one-thousandth of a. imillimetre. 
visualize or to estimate quantities in unfamiliar For:small weights the milligram, one-thousandth 


units of measure. _ of a gram is used. All of these multiples are 
,  Fortunatety, many ‘metric units can be expressed with standard prefixes taken from 
_* — related to equivalent units:in the English system. Latin: . 
The metre, which~is the basic unit, is a 
approximately One-tenth- -longer than a-yard. micro = 1/1,000,000 
. The ‘basic unit of volume, the litre, is . milli = 1/1,000 
approximately One quart. The gram.is the weight centi = 1/100 
of a cubic centimeter. or ‘nillilitre, of pure ¥deci = 1/10 
water, and is the basic unit of weight. As a *deca =10 P 
. common; weighit though, the kilogram, or kilo, : *hecto = 100 i 
which euuals the weight .of a litre of water, kilo = 1,000 
___ weighs 2.2 pounds. The,centimetre is‘used where on *myria = 10,000 ; 
“We would use. the inch, and where we measure mega = 1,000,000 . 
‘by the fluid ouncé>the-metric_system employs ; 
- the. millilitre (ml). For.power:measuré*the-metric___ _* Rarely ay : hee 
system uses the kilowatt (kW), which is =~ ~~~ 4 - : 
approximately 1.3 horsepower. Over the next Tew yearhe i metric system 


will become more used by the Navy as Well-as-by_ . 

<eight-fifths of a kilometre, and-a nautical mile is the -cpilian world. You will find-it easy to work 
1.852 kilometres, or nearly 2 kilometres. with once you-have mastered: the basic terms. It a 
will. be difficult to translate values from) our 
_._... .A_basic_metric_expression_of. pressure js the -—present-system—to-the-metrie-system, -butthis ee 
kilogram per square centimetre. which is 14.2 operation will become unnecessary once the new 
psi, nearly 1 atmosphere of. pressure, measurements are totally adopted. 
When working. on foreign machinery, you ’ Tables of equivalent English measure and 
may notice that your half-inch, three-quarter metric equivalents are-essential when you work 
inch, and. one-inch wrenches will fit many of-the simultaneously. with both systems. ‘The table 
bolts, These sizes corresyond: to 13 mm, 19 mm, which follows shows the equivalent measures-of 
and; 36 mm respectively in the metric system, the two systems, The. columns on the left have 
and are very popular because they .are the equivalent values which are accurate enough 
interchangeable. The 13/16-inch spark plug . for most Work, and on the right are the 
wrench, which is standard, in this country, is .‘ multiples used to convert the values with a high 
intended to fit a 20 mm nut. degree of accuracy. 16 m 
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Appeiidix VH-—THE METRIC SYSTEM 


- U.S. CUSTOMARY AND METRIC SYSTEM 
| UNITS OF MEASUREMENTS . 
* IN, FEBRUARY OF 1960, THE U.S. BUREAU OF STANDARDS ANNOUNCED - 


ITS POLICY TO. THENCEFORTH USE THE. UNITS OF THE: INTERNATIONAL 
SYSTEM FOR WEIGHTS AND MEASURES, REPLACING. WHAT HAD BEEN ~ 


, : CALLED THE ‘METRIC SYSTEM. THE ABBREVIATION USED FOR THE . : 
a os INTERNATIONAL SYSTEM 1S (st). : 
Weltiles' and ‘Submaltiples Prefines | a Symbols = 
1 000 000 000 000°» 10'2 tera (ter’a) ee : 
1000 000 000 = 10° giga (ji’ga) oO 6 
1 000 000 = 106 mega (meg’&) oy 
1000 = 102 kilo (ki '0) | K 
- 100 = 10? —hecto (hek’ to) h 
ee ‘10. 10 deka (deka) dal 
a a re oer ye 1) nr 
; 0.01 = 107 — centi “(sen'ti) = —_ eo 
0.001 =°10°3. initt4 (mil’4) om 
0,000 001 = 10* ~ micro (n"krd) a 
. 0.000 000: 001 = 10% nano (nan‘o) n- 
0.000 600 000 001 = 10°?” pico (pa'kS) p 
0,000 060 000 000 001 = 10°" femto (fém’to). gf 
. 0.060 000 000 .000 000 001 = 10"% -atto (at’t6) ; a 
351 
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30.48 Centimeters 


~ & TO 


~ Square chains: 


"Square Feet Feet per Minute 


* Square Yards Feet per Second 
Actes . + Feet per Second 
_ Centares Feet per Second 
Square-Feet - - - Furlongs 
: Square Yards Furlongs 
Barrels (U.S., dry) * Bushels Furlongs 
Barrels (U.S., liquid) Cubic Feet Furlongs 
Barrels (U:S., liquid). Gallons Gallons (British) 
° - | Board Feet (1x 1x1") Cubic inches Gallons (British) 
: Cable lengths (U.S.)° |. _ Fathoms — Gallons (British) 
Cable-lengths (U.S.) _ > Feet” Gallons (British): 
Cable lengths (US) |, ‘| Yards Gallons (British) 
| Centares . Square feet Gallons (British) 
» \ |Centaes . , Square Yards Gallons (U.S.) 
Centimeters. ; Inches -~ 
J.Cubic-Centimeters . - 0.06102 Cubic Inches Gallons (U,S.) 
*t Chains ; 66 Feet ‘Gallons (U:S.) | 


“|chains. | 100 Links Gallons (U.S.) 


Chains | . 4 |} Rods Gallons (U.S.) 
"| Cubic Feet‘ 1,728 "Cubic Inches ° ‘Gallons (U:S.) 
ey ‘| 0.02832 | Cubic Meters _, Gallons (U:S.) 
: oe a! Ss 0.03704 Cubic Yards . | Grams, 
ie Reet _ Gallons (aritshy | Grams 
ms . ‘| Clbic Feet, ; Gallons (U.S.) 
“ "| Cubic | Fe Liters : 


uA ee bit inches: , | Cubic Centineters 
Cubic Feet 
‘Cubic Inches 


. Cubic Inches - 0.004329 Gallons (U. ie 
a . ‘| Cubic Inches - "0.01639 | Liters Hectares: 
“Cubic Meters -| 35.31 Cubic ‘Feet -Hectoliters 
g > Cubic Meters He 1,308 Cubic Yards ‘Hectoliters 
as, ' Cubic Yards * D2 Cubic Feet Hectoliters 
AT) | ¢ubie Yards =. | 0.7646 | Cubi'Meters Hogsheads 
bg , Cubic Yards 3 764.6 | Liters © ' 
in, , +g Degrees (C.}+ 17.8 1.8° * Degrees (F.) « Hogsheads (U.S.) 
ee * | Degrees (F.)-32 0.5556 Degrees (C.) Hundredweights 
*:| Degiees , 0.01745. |" Radians °° J _ Inches 
Fathoms ” 0.00833 -}- Cable Lengths (U- § laches 
1S) ye Inches 
; , Fathons 8 Feet * Inches 


Inches 


Fathoms a 18288 Meters 


0.03175 


=p Fathoms 
Meters 


Knots 

_ Meters. per Minute 
| Miles per Hour 
Chains~ 

Feet 

Rods 

Yards 


Cubic Feet 

Cubic Inches, 

Gallons (U.S.) 

Liters « 

Quarts (British) 

Barrels (liquid, 
U.S.) 


3,785.4 Cubic Centimeters 


0.13368 | Cubic Feet 


°Cubic Inches 


| Liters 

Quarts (U:S.) 
Grains 

Kilograms ‘ 


Miles'‘per Hour | 


Cubic Centimeters ae 


Gallons (British) 1. 


Milligrams 
Ounces (avoir- 
dupois) 
Centimeters 
Inches 
- Acres 


~100~-— —}-Ares-———___. 


Cubic Meters - 
Gallons (U.S.) 

j Liters 

Barrels (Liquid, 
U.S.) 

Gallons (U.S.) 
“Quintals (metric} 
Points 

' Picas 

Ems 

Ens - 
Centimeters 


7 


eee 
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Inches Miles, Nautical “Feet 
‘Inches Miles, Nautical ~ ‘Itiches 

Inches S" Miles, Nautical |. - Kilometers 

_loches of  Metcuty Miles, Nautical -”_ Meters 


: Miles, Statute 


Miles, Nautical , 
"| Pounds (Avoit- Miles, Nautical “Minutes.of : 
: dupois) = * Latitude 
Kiloliters Cubic Meters Miles, Nautical- Yads ~ | < 
Kiloliters Cubic Yards Miles per Hour ~ Feet per:Minute 
‘ Kiloliters ° Gallons (U.S.). . *: (Statute) _ 
: Kiloliters ‘ ‘Liters = ° . | Miles per Hour Feet pet Second 
| Kilometers Cable Lengths’ (Statute), 
Kilometers {Feet >| Miles per Hour Knots « * , 
4 Kilometers - Inches Miles, Statute Cable Lengths ‘ 
Kilometers "| Meters _ Miles, Statute |. Feet * 
, _ Kilometers _ | Miles, Nautical ~ J Miles, Statute ~ Furlorgs: 
; “ Kilometers | Miles, Statute * Miles, Statute Inches’. . 
“Kilometers: 1 Yards Miles, Statute Kilometers - 
- Knots Miles, Statute ‘Meteis: 
Hours. =. | ft Miles, Statute” .° Miles, Nautical 
| Knots | Feet per Second“ J - Miles, Statutes. Yards :S 
1 -Leagues, Nautical _ [Cable Lengths’. _ Millier (See Tons: : 
, - Leagués, Nautical’ Kilometers Metric) ros 
Leagues, Nautical ; Miles, Nautical . Milliradians Seconds of Arc 
Leagues, Statute - Mils Inches ” 
‘Leagues, Statute ‘{ Miles, Statute, ° “* Myriameters. . Kilometers” 
Links’ » Inches Ounces (avoisdupois) Grams 
"Liters, {Cubic Centimeters - J Pint (Liquid,.U.S.) ~Gills (U.S.) 
Y Liters {Cubic nches =f -Pint (Liquid, Br.) _ __ Gills (British) _ 
et hes 18 | Gallons Pint (Liquid, Br.). Liters 
: Liters Pint (Liquid, U.S.). Liters 
‘ Liters) | iit (British) " Pounds (avoirdupois) Grains he 
: Liters f Quarts’ (U.S., dry) Pounds (avoirdupois) Grams ; 
21 Liters “| Quarts (Liquid, Pounds (avoirdupois) _Kilograms 
° oe AU: S.) - Pounds (avoirdupdis) Ounces : : 
2 1 Meters fl Centimeters ; Pounds (avoirdupois) Pounds (troy) * 
—+}—Metets ; Pounds (troy) . Pounds (avoir- 
Meters - bok dupois) 
Meters Pounds per. Square Inch ~ Inches of > 
Meters , Mercury 
Meters Millimeters _ Quart (British) Liters - 
“Meters. ‘Yards © _ |e Quart (British) Pints (British) - 
Meters per Minute Feet per Second © ; Quart (Liquid, U.S.) Liters 1 
Meters per Second: Miles per Hour =~ 9 Quart(U.S) Pitits (U.S.) 
Microns Millimeters J. Quintals (Metric) Hundredweights 
Miles, Nautical Cable Lengths T- Quintals (Metric) 4 _ Kilograms- 
: : 2 
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Radian” : Square Miles, og P 259; Hectares - 


q Rods: . Squaté. Miles, Statute. 2,59 ~ Square. Kilometers 
,, [Rods °- = 4 ~ Square Yards : 0.8362 — ‘Centres s * 
- ['Square Centimeters - ~ Square Yards 9 ~| Square Feet 

4 ‘Square Feet entares. =“ Square-vards =| 15296 Square Inches 

‘| Squate.Feet - Square’Centimeters [Tons (Long) : 1,016 Metric Tons 
Square. Feet Square inches | Tons (Long) . 2,240 Pounds (Avoit- 
Squaré Feet: - Square Yards’. ee " dupois) 

‘| Square inches Square Centimeters §. Tons (Metric) 1,000 -Kilograms 
Square.inches _ Suae Feet: = fF (Millier) . : : ‘ 
Square'Kilometers Hectarss _ Tons (Metric) 2,204.6 ‘Pounds (Avoit- 
-Square Kilometers Square Miles (Millier) A -dupois), 

‘l ; ice _ (Statute) Tons (Short) 0.9072 | Metric Tons 

Square’ Meters:(See , . ~Tons (shar) 2,000 - Pounds (Avoir- © 


- Centares) - 


: }, ‘dupois) 
| Square Miles, Statute} 


Centimeters 


Actes "Yards 91.44 


Ee Square. Miles,’ Statute : Ares "T Yatds. 0.9144 | Meters 
Bg 5 \ 
4 =a 7 ; ¢ ; 
; , s st Ae . . , ‘ : . 
ama 7 eee oe ee a 
q 2 : ¢ 
~ 2 . * q t 
0 
g * 
3 
ver nv 
sige ee ° 
j ore a az eee aie Re kee 7. si m ” a —e a 
" oO igs 
oo g o? 
a Oa 
ae 
; ; 
a, : 
PAs - * 3 
t Pa s € * aoe 
| Fag | 
4% Ci 
& 
‘ s 
: 1354: - ~ 
in e * . ‘ 
x te 
7 ? : 


‘ 
A , 
: “ # 
ge bas 


te a * AN/FGC-59- teletypewriter equipments, i92° 
a AN/FGR-10, 11; high speed tape, punch, 20} . 
: AN/FGT-7, 8, 9;-master‘and slave high: speed. 
nn - tapeheader, 200. . 
AN/UGC-49, automatic send-receive (ASR). 
teletypewriter set, 181. 
‘AN/UGC-49 keyboard, 185. - : 
AN/UGC-49, operating the, 188 " : 
; AN/UGC-50, teceive-only (RO) - 
teletypewriter: set, 191. F 
AN/UGC-51, ‘teletypewriter set, 191 
AN/URA-17° frequency-shift converter . - 
front panel controls, 323. 
’ AN/URA-17C, .converter, ‘coriparator. group, 
operating procedures, 323-325. 
AN/USM 329(V), operating. pecossiaew 
ipital data distortion test 
set, 332-345 . 


¥ 


_ interchange, 216, 326-331 é 
_AUTODIN/DSScS integration, 193-195 | 
e -etror detection; 195. 
. ae input/output: devices, .195 
. 2 . | mechanization by-programming, 194 
7 4 © et. message precedence, 195° . 
: message tracing, 195 
‘system compatibility, : 195 
_ AUTODIN: network, .194 * 
Sor ge Abbreviated: plaindress, 246 _ eee 


- a? > 
in aA 33 ; . ‘ 
t : . me . ‘ 
‘ 1S, ‘ aa ; 
“ . “e a 
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or: 


ASCII, American oe code: for information 


Address. désignaton, 223-226 = - 
address groups, 225. 
call signs, 224 © 
plain language: address" ‘ 
_ designators, 223 ee 03 
routing indicators, 223. . 

‘Address. groups, 225, ..2 . 

Administration and operational responsibility, 

communications division, 274-292 “ay 
Advanceinent, Alo, 2 ‘ 
career development and. 
-opportunities, 10 . 
how-to qualify for, 4 7 oy 
how.to prepare for, 5-10 _ : 
Advisories, communications, 240 : 
Aerosol dispensers, 306 
Air filters, maintaining, 295. Room 
Alignment; teletype message, 247-253 : 


Allied: communications,: 67 

Aliowances,.269° 

. Alternate routing, 244 

American. standard code. for. information 

‘exchange (ASCII), 168; 216 

American standard code for information 
interchange (ASCID, Appendix Ill, 
326-331 - ° 

Amplifying-and sontaee reports, 238 

Amplitude modulated. (AM). transmitter, 134 

Analyzer controls and indicators, 339 ° 


Analyzer-oscilloscope; 337. i 


‘Accident: prevention and safety, 398 
_- . , + Accuracy; real-time clock, .280 
* : Action, tracer, 289-291 ° 
Additional:model 28 units,,190:192 
_ ‘keyboard: serid-receive (KSR) 
teletypewriter set, 190 : 
receive-only” (RO) teletypewriter 
set ee a 191 


analy zer-oscilloscope “operating esc 
data, 337-345 , ; 
_ operator’s maintenance, 345 
_ Operating precautions, 345 
Antennas, ‘,17-132 ; 
: _ basic types ofantennas,120 ~§ ° 
common configurations, 121-132 
; lectromagnetic wave motion, 118 
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: aa) . , " t, COMMUNICATIONS TECHNICIAN O° 2 &2 = ae on . : “y : 
“Anténniscontinued a 
polarization, 1:19 os . 
: transmission lire, 120 _ ee re er ee ei ee 
«Antenna pattern. spin-stabilized . Background investigation(BD,. 38-40 
satellite; 95° - ee Backlogs, 279 . 
” Antennas and wave propagation, 107-132 .  Back-pressure ; arm-lift method, 315 
Appendix.I,-receiver.R-390A/URR ‘ Bandwidth and’ sidebands, 83 | 
- _ Operating procedures, 320-322 , . , Basic message.format, 231-233 
\Appendix II, converter comparator: eter 3 * 7 . - 


ee AN/URA-17C ti 
group i operating , separation, 233 


‘procedures,’ 323-325. 
. Appendix III, american standard code for Basic radio communication system, 107 
information ‘iriterchange (ASCII), 326-331 _ Basic.satellite communication 
Appendix IV, digital data:distortion test - -, ‘_,System,91 e ues 
sét -AN/USM- 329(V) operating’ 2 , Bias distortion, 171 * 
- procedures, : 332-345 in eo ge Biological effects of, microwave 
_ Appendix’ V, operating signals, 346 es “electromagnetic energy, 307- 
Appendix Mi, DSSCS operating oe ‘ “Blank, the ‘message, 220-223 
*.. * Signals, 347-348 - i i Blank patch. panel; ‘163° 
Artificial respiration, 313-316 © -  * ° Book message,.219° 
_ Broadcast’ filé, 284 . 
Associated teminabeauibmient; 198-202 ‘ Built-in diagnostics 216 
~common control unit: ; . * * Bums, 317 mene ; 


C-8120(P)/G,, 198 
‘ highspeed.tape punch =” * 


-AN/FGR-10; TI, 201 " > — . Cc 
. line printer TT-558/G, 199 a ' 
‘master an aan high:s pest tape — a 
reader,(AN/FGT-7; 8, 9), 200 C-8120(P)/G, common control unit, 198 
‘teletype adaptor module (TAM), 199 _ CTO (communications technician O)* 
., teletypewriter control:unit . a” rating, 1-12 
(CONUS). Western union '12008A__ aan “Call signs, 224 “ 
arid telety pewriter- control », Carriér characteristics, 80- 82: . ; 
unit (overseas) C-7050/G, 199 * ‘Carrier distortion, 172 e 3 
Audible. tone, 215 : ‘Cathode-ray tubes,307 . = 
Aidio distribution, 153-155 , Censorship, personal, 20-22 ; 
; receiver transfer switchboard, 154 Characteristic: distortion, WW! oe 
transmitter transfer . - Check, security, 280° 
i ae switchboard, 1'54 Chief, communication, 276 . 
ye Audiofrequency. landlines, . 87 : Circuit breakers, operating, 303 
.”. Audio patch panel, 165 o oo Circuit degradation and failures, 279 
77" Automated-message-preparation, 29:1—-- . —  Circuit-performance. log,176.-. 7° 
Automated telecommunications center, 291 ' Circuit status, 177 °° 
-_ automated message ~ ; ’ — Gircuits ‘and lédsed-lines, 87:89 
, -" preparation, 291 | : a Classes of messages, 218 ° 
heard processing and ; _ Classification and. declassification, 17 
: distribution system eS . confidential, 18° 
‘ (MPDS), 291 ; BP downgrading and: | 
‘ ies Autotantic send-receive (ASR) , . "  declassification, 18 © ‘ 
8 +. telétypewriter set AN/UGC-49, 181. ; "| seerét, 18 
. Authorized. personnel only, 302 = _topsecret, 17, ¢ “ 
: 356 ‘ ° 
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. Classification, security, 234-238 . «+; Communications division-centinued . 
Cleaning electronic equipment, 294 cies communications watch officer (CWO), 278 
. maintaining air filtérs, 295, : * . facilities control,277_— : 
Cleaning solvents, 305 ° 2 methods aiid ‘results (M&R)j.2:77 
‘Cleanliness and up-keep of spaces, 281-—_*_____training section, 2 - - 
Clearances, security, 38-40 as ' . watch section supervisor; 278 ° : 
> Gerk, communication, 276, ee Conimunications division: administration. and 
“Code; content indicator, 252 a operational responsibility, 274-292 ° 
Codes, identifier, communication. ~ Communications improvement 
- action, 251. memorandums, 267 
, Eodress, 247 - ‘ Communications, introduction. to- naval, 54- 67 
Collective routing indicators, 243 . _ Communications logs:and records, 282 
Command and support programs, 7 * ‘+. *monitor rolls'and circuit logs, 283 
of fice. of, 55. . . personal'signs, 282 . ‘ 
~ Comniand-tfaining program, . 52 supervisor: 16g, 282° ; : 
Command vulnerability, evaluation of, 42 Communications officer, 274- 276 
_ Common éontrol‘unit C-81:20(P)/G, 198 Communicatiuns, satellite, 90-106 
Communication: action identifier Communications system, defense, 65 
codes. 25'1 * . Communications. technician rating, 2°. 
_-Communication- basits, 68-89. : Communications, U:S. naval, 54. 
* Communication center. and ceyetccentes Communications, watch officer‘ (CWO), 278 
‘files, 283° Compatibility, system, 195. 
Communication. clerk, 216 i Components, description of major, 182-188. 
‘Communication ‘division: ‘Organization, 215: Confidential, 18 ; . 
«Communication. chief’, 276 - se, ee _ Conical monopole antenna, 125 ; . 
Communication links, 76-79 a : Console; operator, 206-210 : 
_» tmodes.of operation, 76. : ‘ Consolidation of files, 284 J . 
$witched networks, 77°79 “Contact and amplifying reports, 238 . 7 
Communication organization, fleet, 61-63 Content indicator:codeé, 252 _ © ee 
Communication. principles, 55 — Continuous wave (CW) transmitter, 133 


Control, facilities, 277 
Control:log, master facilities, 176 
Control operations, facilities, 152-180 


Comriunicatio# ‘publications, 268-373 
allowances, 269 
familiarity i in usage, 072 


Controls and: indicators,. analyzer, 339 > 
ai warfare publication Controls aid indicators; oscilloscope, 340 
ibrary (NWPL), 269-272 | Controls arid’ ditat al : 
types of publications, 268 atau a : ua . Ors, ‘sign ae * 
‘Communication system, basic radio, 107 Pasties pl stabilized satellite, 96 : 3 
Communication satellite system . C ee 155< 187. ot ° 
« description, 91-96 ° Onverson, fi 
-“Communication system. description, 152 ~ ue ; zrou P 
‘Gommunication system, naval, 59 _ af frequency-shift system, 155 
Communication transmitters and Converter, comparator group AN/URA-17C 
receivers, 133-151, 4 operating procedures, nee Il, 
Communications advisories, 246 _ -- 323-325. ~.-.--.— 
‘Communications agency, defense, 64: , * Critic messages, 238. 
Communications, allied, 67 ie -Cryptocenier files and communication 
_ Communications division, the, 274-278 ~ ~~ center, 283 
communications: chief, 276 Cryptographic equipment, 165 ‘ 
- communications. clerk, 276 = ° : Cry ptographic equipment destroyers 
communications officer, 274-276 -* minMee) ise ‘ a 
‘ 357 : , ra 
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CWO, communications- watch officer, 278 Destruction, bill. emergency, 45 
_Cyelic distortion; 171. = Destruction devices stowage, 5k - 3 
cs a » Destruction, metallic and non-metallic, * : a 
dD. : table 3-1; 52 . ‘ . 


Destruction priority, 44, 45 
Destruction program, emergency, 45 


D.c: distribution, 160-167 : Detection, error, 195. 
audio patch panel, 165 ms , Devices, input/output, 195 
black. patchy panel, -163 Diagnostics, built-in, 216 
cryptographic equipment, 165 Digital data. distortion test set 
dc patch .panel. bays, 162. ae AN/USM 329(V) 1 & 2, 175 
. distribution-frames, 161 - Digital data distortion test set 
miscellaneous details, 164 . # : -AN/USM 329(V) operating procedures, 
modulator/demodulator: : Appendix IV, 3322345 ; 
-(MODEM), 165 ’ operator’s maintenance, 337 - : 
patch.cords, 164. : operating precautions, 336 
. patching facilities, 162 : signal generator operating 
-red patch; panel, 166 data, 332-336 
DCS AUTODIN & DSSCS, prepared for format Digital signals, 167 
o" as it.appéars in message copy, 266 my Direct current (D-C) landlines, 87 
* DSSCS message format, 260-265 
internal data distribution ‘ ; iit cel ent teleg ene : 
“facility (IDDF), 260, . ’ neutral operation, 169 ee 
message examples, 263-265 - polar operation, 169 & 2a a 
plaindress message, 261-263. ae , Dispensers, aerosol, 306 a! oie 
DSSCS operating signals, Appendix . ‘Distant: station/control agency 
V5, 347-348§———— coordination 178180 
“Data, preparing, 212-214 en _ Distortion, signal; 170-173 
Data, protected, 215: 7 ' Distortion, telegraph, “examples of, ‘338 
Data; tabular, preparing, 214 ; Distribution; audio, 153-155 
“Data terminals, model 40, 326 _ - Distribution: frames, 16] _ 
Date-time groups, 226-228 Division,.communications, the, 274-278 : 
_ ~ Declassitication and classification, 17° . _ Doctrine, routing, 241-244 - . ¢ i 
- Defense communications agency, 64 ‘Downgrading and declassification, 18 " 
Deferise communication. satellite . Duct efféct in high. frequency ‘ 
» program (DCSP),90-° . ‘transmission, 115 - , ° - 
Defense communications system,.65 - Ducting, 114 
Defense satellite communication _«» Dummy antennas, 141° a 
system (DSCS) PHASE II,90 . ed ; <@ : . 
“Delay distortion, 172: : : : : a 
Delay, inordinate, 290 : ; E ‘ 
Delivery: of incomplete text, 286-288 o- ~~ ; 
“Description of cémmuiication 9 a a a 
satellite system, 91-96 _ Earth terminal rarasesciatinas 96- 103 
orbit descriptions, 91-93 oO satellite acquisition and - ; 
, Satellite characteristits, 93-96 we & 4 tracking, 98-103 
Description of communication a Electric shock, 300 
system, 1520 ; - 3 rescue of victims, 390 ~ 
Description of major components, !82-188 symptoms-of- electfic shock, 300 Pa 
oa address, 223-226 : Electric shock, resuscitation for, 310-313 ae 
358 : 


INDEX > : 
Electrical fires316-319 Ending, 233- 
burns.°317 Enemy: espionage, 15-17 . & 


portable fire extinguishers, 316 
Electrical telecommunications, §8-70 


Electrical-tools and-equipment, portable, 304 


~ Electromagnetic .radiation,.307-310 
biological effécts of inicrowave 
electromagnetic energy, 307. 
hazards ofselectromagnetic 
. radiation to ordnance . 
, (HERO), 308 
high voltage warning signs, 309 
radio frequency radiation’ 
hazard warning signs, 309 
warning signs and posters, 309 
Electromagnetic wave motion, 118 
Electromagnetic wave, various components 


of a propagated, 107-109 ; 29 
Electronic equipment, cleaning, 294 
Elliptical satellite-orbit, 92 7 . 


2a: Emergency. destruction actions unique 


‘to NAVSECGRU overseas activities, 45- 33 


available.emergency destruction 
devices, 45-51 . 
.« command training-program, 52 | 
emergency destruction bill, 45 
emeggency destruction program, 45 
materials and equipments to 
“-be-destroyed;-46 
priority of destruction, 44, 45. 
safety; 52 ; 
stowage: of destruction, devices, 51 
Emergency planning for the protection 
. of classified material, 41-53 
emergency plans, 41 
establishing measures-and 
~ procedures, 42 
evaluation .of command 
vulnerability, 42 
types of emergencies, 42-45 
Emery cloth and steelwool, use of, 304 
End-of-message validation, 253 
End terminal.devices, 167-169 7 
* american standard code for 
information interchange 


 (ASGIN;168 = - = 


digital signals, 167 : 
international telegraph alphabet 
no. 2 (ITA2)‘five unit 
code, 167 : 
_End terminal equipment, 181-217 
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data desired by the enemy, I'5 

proof-.of enemy success, 16 
Energized circuits, repair of, 302 
Energized electronic equipment, 302 7 
Enlisted rating structure, | . 

naval enlisted'Occupational ° - 


classification system Lo os 

(NEOCS); I . — 
Equipment, end’ terminal, 181-217 : 
Equipment,. energized electronic, 302 ~" : 


Equipment failures, 279 
Equipment and materials, hazardous, 305-307 
. Error detection, 195 
Errors, format, 265-267, - . 
. Essentials: of multiplexing, 157-160 + ° 
ey frequency division-multiplex- . 

terininals, AN/FCC-69/70, 160 

frequency. division multiplexing 
“and demultiplexing, 159° 
time division multiplexing and 

demultiplexing, 158 
Examples, message, 257, 263-265 
Aes ai of telegraph. distortion, 338 

F 
Facilites controls 277 
Facilities control operations, 152-180. 
Facts, verifying, 288 
Fading, 114 
Failures, and circuit degradation, 279 
Failures, equipment, 279 
Femiliarity-in usage, 272 . 
Fiberglass-insulated.and fungus- - 
prooféd_ wires, 306 

File, broadcast, 284 
File, general.message, 283 
Files, consolidation of, 284°” 
Files,, message, 283 ; 7 
Films, training, 12 : ‘ : 
Fire extinguishers, portable, 3 1 6 
Fires, electrical, 316-319 
Fleet. communication.organization, 61-63 


_.Format; -basic.message, 231-233 | 
_ Format errors, 255-267 


communications improvement 7 , 
memorandums, 267 : 

improper transmission 
practices, 265 . 
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Fortuitous distortion, 171 
Forward propagation by trospospheric- 
fe ” scatter, 115-117 ‘ 
Frames, distribution, 161! . 
Frequency bands, 71 
Frequency bandwidth and radio 
fréquency-ISB channel, 85 ; 
Frequency division multiplex: terminals 
- AN/FCC-69/70, 160 
«Frequency. division multiplexing and - 
demultiplexing, 159 2 ae 
Frequency -modulated (FM) eranismni Her, 135 
’ Frequency multiplication and) 
harmonics, 135-137 : 
Frequency selection, 117 
: frequency plans; | 17 
tee We frequency predictions, 117 . 
“+ Oblique ionospheric sounder: 
’ - - receiver AN/UPR-2, 117 
Frequency-shift. converters, monitor 
osvilloscope-patterns;3 325 
" Frequency-shift: ‘system, 155 : 
Frequency spectrum; radio, 71-76 
Front pdnel-controls,:AN/URA-17 
frequency-shift vonverter, 323 e 
Front panel of R-390A/URR, 321 ° 
Functional.operation, signal generator, 337 
Fungus-proofed and fiberglass-insulated  - 
wires, 306 
Future satellite communications, 105 
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“ General message, 220 . a 

: General message file, 283 
; General operations, 278 

‘backlogs,.279: 

. circuit degradation and failures, 279 
: equipment failures, 279 

» ° . General safety precautions and policies, 
301-304 . 

authorized personnel : 
* only, 302° . . 
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operating circuit-breakers, 303 
operating power switches, 303 
‘Tepair of energized . 
Circuits, 302” 
rubber floor matting, 301 , 
tagging of open switches, 303 
‘use of steelwool, and 
emery cloth, 304 
’ Ground wave, 108 
’ Groups, ‘address, 225 
o. yO _ H 


HERO, hazards of electromagnetic 
_ radiation to ordnance, 308 
HF communications, 74 
Half-wave (hertz) antenna, 121 
- Harmonics and frequency nultiplication, 
135-137 
7 y> “aerosol dispensers, 306 
cathode-ray tubes, 307 
._ cleaning solvents, 305 , 
’ fungus-proofed and. fiberglass- 
‘insulated wires, 306 
Hazards of electromagnetic 
radiation to ordnance (HERO), 308 


. Heading, 231-233. 


Headphones and.microphones, ‘ 


» maintaining, 298 


High speed, moe I: DSSCS,.términal 
configurations, 196 - 

High speed tape punch AN/FGR-10, ll, 201. 

High voltage warning signs; 309 

Horizontal-vertical-polarization, 119 


. Hydro messages, 239, - 
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IDDF, internal data distribution 


facility, 260 - 
Identification; transmission, 247 
Identifier codes, communication 
action, 251. : * 


259° oy 


rat : Formulation of routing indicators, 241-243. 2 * General-safety precautions and : 
. Forms-of message, 246 ans -----_-policies-continued—- : aa 
abbreviated plaindress, 246 energized electronic ge 
: codress, 247 equipment, 302. - > 
e ’ plaindress, 246 & 4 _interual shocks are 
'*  Ror-official-use only,. (FOUO), | 19 forbidden, 301 - 2 


Hazardous $s equipment and materials, 305-307. _ 


— ‘ ‘ . “2 
a , oe r -  * INDEX ? : “ 4 ? 
SO + Hlumination from a synchronous . " Keyboard sénd-receive «KsR) . ee 
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: text, 286-288 ‘LF communication, 73 a he ae 
_ . internal routing:afloat, 284 ¢_ Landlines, 87-89 .- . a 
...- + internal routing.ashore, 285 . audiofrequericy landlines, - 87 i 
references, 285: a -  Jeaséd lines and circuits, 87-89 - 
Indicators, collective routing, 243° _. Limited distribution, (LIMDIS), 19 - 
ay Indicators, routing, 223 8 > 7 Line printer TT-558/G, 199 Ss 
— Indicators, routing formulation of, 241-243 2’ Links, communication, 76-79 
oo Inordinate delay, 290 ae Local operation, (KD'&KDP), 205 ~< 
Input/output.devices, 195 .- . Leg periodic antenna, 129, 1 
Integration AUTODIN/DSSCS,, 193-195 _ Log, supervisor, 282 * He $ 
‘Intentional shocks are forbidden, 301 , Long messages, 259, 264 : ~” 
Internal data distribution facility 7 Long wire antenna, 125: . 
- (IDDF),.260 i a . Low and high band monopole: aiitenna, 132 . 
Internal routing afloat, 284 Low speed, mode'l, termind =: ~ x. 
Internal routing ashore, 285 : éonfiguration, 196 . ‘ 
International telegraph alphabet Low:-speed, mode II, 197 a a 
no. 2 (ITA2) five unit : _ Lubrication,.295  ~ ‘ - = a 
-code, 167 “@ : = . “a. 
International treaty organizations, 19 | . : M.- ae 
Introduction to naval:communications, 54-67 : : “ ” 
‘ ‘Introduction to the teletypewriter, 181-]90 : MF" ‘conanunication: 73. soot. os eet ene toe ee 
ae automatic send-receive (ASR). _ > MPDS, message. processing and ; : ; 
. telety pewriter set ; distribution system, 291- ae . 
AN/UGC-49, 181 _ M&R, methods-and results, 277 
description of major _— - Maintaining air filters,.295 - 
components, 182-188 5 ’ Maintaining headphones, and 7 
operating the. AN/UGC-49, 188 ' _ microphones, 298 : 
Inventory; watch-to-watch, 280 . Maintenance, operatez’s ‘ 
Inverted coné antenna, 126 . ,emergency,296°. * . ee 2 
lonosphere, 109-115 ; 2 ’ Maintenance, ‘preventive, 293 ; 
= "ducting, 114 - : . Maintenance, preventive, 
7 : effect of ionosphere on the teletypewriter, 295-297. o 
sky wave, 111 . . Maintenance, preventive typewriter, 297 : 
fading, 114 . ° _ * Maintenance-and safety, 293-319 e fee 
: .multiple-hop transmission, 113. - Major characteristics of. ' ’ . 
sky wave propagationy 112 ___ NBS radio stations, 281 ; : 
‘ strudture of ionosphere, 1 10 . Marking requirements, 19 ' 
lonosplieric sounder receiver - eee marking identification, 20 a * , 
AN/UPR-2, oblique, 117 “2 | *  markings-on méssages, 20. x ‘ 
Pas , 4 titles, subjects:and* ee Se ge ; 
K °: ow. y paragraphs, 20 a : a7 
; 5.  . Markings, special,.18 - 
KD and KDP, local operations, 205 _ Master facilities control log, 176 ° . 
, KSR, keyboard send-réceive a 7 Master and.slave-high speed-tape *. 
telety pewriter set, 190 4 header (AN/FGT-7,8 :9), 200 
- . 361 8 
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a Matting, rubber floor, 30], 


Mechanization by programming, 194 
Meniorandums, communications . 
improvement, 267 : 


Message .alignment, teletype, oa 
247-253. Be eee 

Message, 195, 218, 220-223, 231-233, 
238)" 239, 246, 248-254, 257, “sg 


259-265, 283-291 
automated preparation, 291 
* ‘blank, 220-223- i 
schematic diagram of | 
* content, 254 
examples, 257, 263-265 ue 
files, 283 “iy 
broadcast file, 284. £ 
. communication center _ 4 
-and.cryptocenter ~ 
" files, 283° ~ 
* .Consolidation of. 
files, 284, , 
a general file, 283: 


” format, basic, 231-233 ~ - : 


format, DSSCS, 260-265 ; 
. forms, 246 . 
general, file, 283 a 
header, 248-253- : 
header, teletypewriter,. 249 
‘nondelivered, 290 : 
: plaindress, 257, 261-263 
ae - precedence, 19 = 4 * 
processing and: distribution 
_. system (MPDS), 291. ° 
release/pickup authorization, 289 
' . tracing, 195 7 


Message’, 218, 219, 226-228, 238-240; e 
_ 258, 259, 264, 284-288 gah 
all ships: present, 239 : , 
classes, 218 . 
. + % critic, 238 ; 
: hydro, 239 _ - 
‘incoming, 284-288 oe 
long,.259, 264 4 
. minimize, 239 | 
- multiple page, 258 
outgoing, 288 =. ° : 
.Q, 239° ; 
red‘ cross, 219 : 4 
service, 238 “t 
‘special-purpose, 238-240 


COMMUNICATIONS TECHNICIAN 0 3 & 2 


Messages-continued 
time in, 226-228 .s 
types, 219 
Metallic and.non-metallic destruction, 
_ table 321, 52 . ° 


Methods and results (M&R), 277 
Microphones and headphones, 
, maintaining, 298 - 
‘Microwave electromagnetic : 
energy, biological effects of, 307 
Microwave transmission, 86 
Military services, U:S., 66 
Minimize messages, 239 
- Model, 195-197, 245 
DSSCS high spéed terminal . 
configurations, 196 . 
‘low speed terminal : 
configuration, 196 5 
terminals, 195-197 
Mode II low speed, 197, 245 
Mode Ill,246 —. 
Mode:IV, 246 
Mode V, :197, 246 
operation, 197 
. terminals, 197 
Mode! 28, additional units, 190-192 
Model 40,. 202-216, 326 
: data: terminals, 326 
* One line terminal - 
controls, 326 
_, _. ¢ teletypewriter---- --- 
. equipment, 202- 216 
audible tone, 215 
introduction, 203-205 


local operation . ” 


(KD &-KDP), 205 
Operator console, 206-210 
preparing data, 212-214 _ 
_ preparing tabular ’ 
"wy data, 214 . 
‘ printer. operation, 210 
protected data, 215 
receive only page 
ey, printer operation, 211 ' 
terminal vocabulary, 215 ; 
Modes, system operational, 245 ‘ 
Modulator/demodulator (MODEM), 165 
- Modulation introduction, 82 
Monitor rolls and circtiit logs, 283 
* Monitor oscilloscope patterns-for 
' frequency shift converters, 325 
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Monopole antenna, low and high sand: 132. 


_ Mouth-to-mouth respiration for adults, 314° 


Movement-reports, 239 : 
Muitiple address, 219 . 
Multiple-hop transmission, }13 
Multiple page messages, 258 
Multiplexing-essentials, 157-160 
Multiplication, harmonics and 
frequency, 135-137 
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NAVSECGRU indoctrination and 


_+ debriefing, 40 ‘ es, 
NBS radio stations, ‘major 


' characteristics, 281 


‘NWPL, naval warfare publication 


library, 269-272- 
National-agency check:and i inquiry ° 
(NACI, 38 ~~. 
National agency. check (NAC), 38 


National ie system. ~ 


(NCS), 64 ee 
National security oe 
security service: (NSA/CSS), 64 a 
Naval communication. organization, 61-63 
Naval communications, 
° introduction to, 54-67 : 
Naval communications mission,.54 
Naval communications, U.S., 54 | 
Naval’ ‘enlisted: occupational 
classification system. 
(NEOCS), | . 
Naval ‘warfare publication library 
‘(NWPL), 269-272 


* Networks, switched, 77-79 


No foreign dissemination (NOFORN); 19 
Nondelivered message, 290 
Notice to airmen, 239 
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* Oblique ihospheric sounder *_ . ; 


receiver AN/UPR-2, 117 


Objectives, speed of service, 228 
‘Officer, communications,.276 


On-coming watch. responsibility, 280 : 


‘On-line terminal. controls, 326 
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‘Operator’ s maintenance, 337, 345 


‘Orbit, 91-93 


: Organization, 55-63 
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Open switches, tagging of, 303° . 
Operating, 188, 303. 323-325, . 8 
: 332-348 oR . 
AN/UGC-49, 188 ° 
circuit breakers, 303 . a BT 
data analyzer- % 
oscilloscope, 337-345 < = 
data signal generator, ° a . 
332-336 ‘ 
* power switches, 303° °- ‘ ‘ 
precautions, 336,345 - . . 
procedures, converter : 
a comparator group 
* ‘AN/URA-17C, 323-325 ' 
. procedures, digital data -*- ; ; oe 
« distortion.test-set ‘ 
AN/USM’ 329(V), 332-345 ca 
. Procedures, receiver” . ; "4 
- R-390A/URR, 320-322 ‘ Y 
’ signals, Appendix V,.346 
signals, DSSCS, 347-348 


- Operation, mode V,,197. 


Operation, printer, 210 . vo : 


Operational ’practices,.176-180 
circuit performance:log, N76 
circuit'status, 177 - : 
distantstation/control ~ 
agency: coordination, 
178-180 
master facilities control, 
log;.176 a a" 
Operations; general,278 = + 
Operator-console, 206-210 
‘Operator’s.emergency maintenance, 296 
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Opportunities and. career 
development, 10 


> descriptions, 91-93 — 
elliptical satellite, 92 
+ inclined satellite, 93 
fleet comthunication ; 
Organization, “61-63°  , 
naval: communication 
system, 59: . r . ' 
office of-command and 
support’ programs, 55 - 
Oscilloscope controls and .  ¢ 
_ indicators, 340 
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: : ar ar. Priority of destruction, 44, 45 ; 
, Parabolic réflection + i Propagated elect?omagnetic = 
principles, 1:27 : Rie wave components,\107-109 * ie 
Patch cords, 164 - Propagation, 107-132 . 4 ° 


Patching facilities, 162. , 
Personal censorship, 20-22 
: Persgnal signs, 282: 
* | Petty officer, 2-4. ie. == 
; qualities of a leader, 3 
Plaindress, 246, 257, 261-263 
’ abbreviated, 246% 
message, 257,:261-263 - 
Plain language address ° 
designators, 223 
Plarining for thé protection of 


oe 


emergency, 41-53 ~ 
Plans, 41, 117 . 
. emergency, 41°" 
e requency, !17: 

* Polarization, 119° ; 
Policy of:naval communications, 55 ° 
Portable electrical tools and 

equipmient, 304 
Portable fire-extinguishers, 316 
* Posters and‘ warning signs, 309» - 
Power switches, operating,’ 203 
Precautions and policies, 
: general. safety, 301-304 
Precedence, 195, 228. 
message; - 195 
speed of:service 
»" . + Objectives, 228 
. ( Predetermined routing, 244 
4. Predictions, frequency, 117 - 
Prepared:DCS AUTODIN’& DSSCS 
o . format: as it appears in 
* " . message copy,.266 
Preparing, 212-214, 234-238 
data, 212-214 ” ae 

tabular-data, 214 3 

text, 234-238 . ° - i“ ae 
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R-390A/URR, front panel, 321. 
R-390A/URR, receiver, operating 
procedures, 320- 322 
RO, receive-only- télety pewriter set 
AN/UGC-S0, 1.91. 
Radiation, eléctromiagnetic, 307-310 
Radio, 71-76, 85, 107,309 
communication nei . 
basic; 107 ‘ 
frequency radiation hazard 
warning-signs, 309 
frequency spectrum, 71-76 | °  . 
frequency bands, 71 : 
‘ HF communications, 74 
LF communication, 73 
-MF communication; 73 ° 
VHF and above, 75 
VLF communications, 72 
frequency-ISB channel and 
J 8 - en bandwidth, 85 P ut 
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Rating. 1,2 2° ‘ Responsibilities of telecommunication. 
communications. technician 2%. 9 : “users, 220 ; : 
structuie, enlisted,!1 4 ° Responsibility and security a ae : 
Real-time clock accuracy, 280 PGs control, 17 ; a wt 
Receive-only (RO), 191,.207, 211 Restricted data, 19 : 
Page printer operation, 211 Resuscitation and artificial 
, teletypewriter set ; : respiration, 310-316 _ 
_ AN/UGC-50,'191 : artificial. respiration, 313-316. ae ; 
Receiver R-390A/URR operating , resuscitation for electric _~ 
- procedures, Appendix I, aHOck, 310-313 
- 320-322 
Receiver transfer switchboard, 154 - Rhombic aiitentta: typical, 122 
Receivers; 142-146 . Role of satellite communications; ‘103- 105° 
~ superheterodyne . advantages of satellite . 
@ receiver, 145 = pommunications, 104 
‘| functions, 142-144 limitations, 104 
; selectivity, 144 : ; typical applications,, 103 . 
sensitivity ,. 144 ’ Rolls and circuit logs, monitor, 283, a ae 
' Receivers, representative, 146-151 Routing, 223, 241-244, 284, 285 ‘ 
. AN/SRR-19A, 149 ‘ alternative,244 se © 
CV-591 A/URR SSB coligctive indicators, 243 7 . . 
- converter, 150 doctrine, 241-244' ~ . « fe 
- °.R+390A/URR, 146. . indicators, 223 ° ; . 7 
* “R-1051/URR, 147 = indicators, formulation, 241-243 = 
R-1401A/G, 148 . internal, afloat, 284 : . sche 
‘ R-1414/URR, 148 - " internal, ashore, 285 : 0 " 
receiver tuning, 147. . line segregation, 244 
Receivers and transmitters, : predetermined, 244 - = > ’ 
communication, 133-151 " Rubber: floor matting, 301." _ 
8 * Red:cross méssages, 219 ° 8 : *s 
* ..  , Red patch.panel, 166 * te : s a 
.. ." “Referénces,.285... . * - - Seabee ate eee Rg oe gs eS ee 
Reflection, ‘pringiples of parabolic, 127 e g. 
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